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XXXV.—Observations on the Speculations of Dr Brown and other recent Meta- 
physicians, regarding the Exercise of the Senses. By Professor W. P. Alisox. 


(Read 7th and 21st February 1853.) 


In offering to this Society a few remarks which have occurred to me on this 
fundamental department of Mental Physiology, I beg in the first place to explain, 
that my reason for doing so is merely this, that in consequence of certain un- 
guarded expressions, and, as L think, hasty reflections, the opinions of Dr Brown, 
and likewise of Sir James MackintosH, and of Lord JrErrrey, and other more 
recent writers on this subject, have been supposed to be irreconcileably at variance 
with those of Dr Reip and Mr Stewart; i. e., with those which are usually called 
the leading doctrines, or essential characteristics, of the Scotch School of Meta- 
physics, in this fundamental department of the science. And when such difference 
of opinion is believed to exist among men of generally acknowledged talent, who 
have studied this subject, and nothing like an experimentum crucis can be pointed 
out, to compel us to adopt one opinion and reject another,—the natural inference 
is, that there is something in the study itself, which renders it unfit for scientific 
inquiry,—that what is called the study of the Mental Faculties granted to our 
species is, in fact, only a record of the vacillations of human fancy and ingenuity, 
in the invention and demolition of hypotheses,—and that the subject is one on 
which it is in vain for our minds to dwell, with any hope of applying the principles 
of Inductive Science, and acquiring any insight into the laws of Nature, regulating 
the phenomena presented by the last and greatest of her works, similar to that 
which is the object and the reward of all other scientific inquiries. 

When, for example, we find it stated by Dr Brown, that on the first and most 
fundamental of all inquiries regarding the human mind,—that into the belief which 
attends the exercise of the Senses,—the creed of the sceptic, and of the orthodox 
philosopher of Dr Remm’s School, consists, in fact, of the same two propositions,— 
and that what appeared to Dr Rxip and Mr Stewart to be the overthrow of a great 
system of scepticism on this subject, was nothing more than the proof that certain 
phrases are metaphorical, which were intended by their authors to be understood 
only as metaphors;: (Lectures, vol. i., p. 584); when we find this statement of 
Dr Brown’s regarded by Sir James MackinTosH as so just and important, that 
he says, the whole intellectual part of the philosophy of Brown is an open re- 
volt against the authority of Rx; Mr Stewart had dissented from the language 
of Rib, and departed from his opinions.on several secondary theories; Dr Brown 
rejected them entirely. rer justly considering the claim of Reip to the merit of 
detecting the universal delusion, which had betrayed philosophers into the belief 
that Ideas, which were the sole object of knowledge, had a separate existence, as 
VOL. XX. PART IV. 6 2 


514 PROFESSOR ALISON ON THE BELIEF 


a proof of his having mistaken their illustrative language for a metaphysical 
opinion; and when we remember the unparalleled popularity of Dr Brown’s 
Lectures since his death, which has no doubt led many to suppose that he is now 
regarded as the first authority on these subjects in Scotland;—when we find, 
again, Lord JEFFREY admitting that Dr Retn’s subversion of the ideal system, 
or confutation of that hypothesis which represents the immediate objects of the 
mind in perception as certain images or pictures of external objects conveyed by 
the senses to the sensorium, had been performed with complete success;” but 
adding that after considering the subject with some attention, he has not been 
able to perceive how the destruction of the Ideal Theory can be held as a con- | 
futation of those reasonings, which have brought into question the popular 
faith on this subject;” (Edinburgh Rerien, vol. iii., p. 281; or Contributions 
to Edinburgh Review, vol. ii., p. 604)—when, on the other hand, we find it stated 
by Sir WLIAu Hamitron, that Dr Brown is, from first to last, in one and 
all of his strictures on RE 's doctrine of Perception, wholly in error;“ but. 
that nevertheless there are ambiguities and inconsistencies of Rew himself, in 
this the most important part of his philosophy, which ought to be exposed, and 
so deprived of their evil influence ;” ( Works of Reid, p. 820) —“ and, in particular, 
that so far from confuting Idealism, the doctrine of Rem and Stewart affords it 
the best of all possible foundations ;’ (Works of Reid, p. 820)—and, again, by 
Moret, that although REID “performed an inestimable service to philosophy, 
by shewing that certain simple processes must be viewed as ultimate and primi- 
tive facts in our constitution,—the benefit of which is still to be developed in coming 
generations, yet that the false, or at least inadequate view which he has taken 
of the reflective method in mental philosophy, has caused a want of comprehen- 
siveness as to the legitimate objects or extent of philosophy at large ;” (Morell’s 
Philosophy, vol. ii., p. 51) I think I have quoted enough to shew, that a general 
distrust of all speculations which led such men to such variety of opinion, and 
despondency as to the possibility of any fixed or useful principles being established. 
by scientific examination of the elementary mental processes to which they referred. 
is not unreasonable. And if, nevertheless, we hold, as I think we ought to do, by 
the maxim, that when Reason and Philosophy have erred, it is by themselves 
alone that their error can be corrected, -I trust it will not be deemed a useless 
or unprofitable discussion, to endeavour to shew that when the subject is calmly 
reviewed, and verbal ambiguities as far as possible avoided, there. is really no 
such difference of opinion among these authors, as will justify the strong expres- 
sions of dissent which I have quoted; but that the differences of opinion are 
either verbal only, or relate to matters ulterior to the main points of controversy. 
which have interested the human mind, in all ages, on this subject ; and, in parti- 
cular, ulterior to those on which it was the object of Rem and Srewanrr to esta- 
blish fixed and satisfactory principles; and that there are certain general truths 
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in regard to the mental part of the process concerned in the exercise of the 
senses,—probably admitting of much more subtle analysis, and more learned 
discussion than I can presume to offer,—but already sufficiently certain and pre- 
cise, to constitute an important part of the science of Physiology ; and remarkably 
in accordance with all that has since been ascertained, as to the physical part of 
that process. 

As I was myself honoured in early life with the friendship both of Mr Srewant 
and Dr Brown, and as I know well how much the former of these illustrious men 
was pained by finding that the latter, when succeeding him in the Chair of Moral 
Philosophy, had (as he afterwards expressed it) “given countenance to some 
doctrines, which, to more cautious and profound thinkers, appear to have a prac- 
tical tendency quite at variance with his known principles and opinions ;” (de- 
ments of the Philosophy of the Mind, p. 502)—although I believe that the natural 
partiality of Mr Stewart to the studies to which he had devoted his life, had 
led him to exaggerate, in some degree, their practical importance, —still I feel 
much gratified at being able, as I think, in some measure to reconcile the appa- 
rently conflicting statements in their writings, and point out the misapprehensions 
—almost entirely on the part of Dr Brown—to which they may be traced. 

It will be generally admitted, that the first object of Rem and Stewart was 
to ascertain, by strict induction, the existence, and establish the authority, of 
certain Principles of Common Sense, as they were termed by Kei; Primary Ele- 
ments of Human Reason, or Fundamental Laws of Human Belief, as they were 
termed by Stewart; Principles of Intuitive Belief, or Truths learned by Intuition, 
—perhaps the best name for them,—as they were since termed by Brown ; which 
must be regarded as ultimate facts in the constitution of the human Mind, equally 
essential to all reasoning, to all scientific inquiry, to the acquisition of all practical 
knowledge, and to the daily business of life. 

Now the existence of such principles of Belief, and their authority, as ultimate 
facts in our mental constitution, are fully admitted by all the authors I have quoted; 
by no one are they more clearly and emphatically announced than by Dr Brown. 
Principles of intuitive belief,“ he says, are essential to Philosophy in all its 
forms, as they are physically essential, indeed, to the very preservation of our 
animal existence.” The belief of ows identity is not the result of any series of 
propositions ; but arises immediately, in certain circumstances, from a Principle 
of thought, as essential to the very nature of the Mind, as its powers of Perception 
or Memory, or as the power of Reasoning itself; on the essential validity of which, 
and ‘consequently on the intuitive belief of some first truth on which it is founded, 
every objection to the force of these very truths themselves must ultimately rest. 
To object is to argue; and to argue is to assert the validity of aryument, and 
therefore of the primary evidence, from which the evidence of each succeeding 
proposition of the argument flows. To object to the authority of such primary 
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intuitive belief, would thus be to reason against reason,—to affirm and deny at 
the same moment,—and to own that the very arguments which we urge are un- 
worthy of being received and credited. 

Without some principles of immediate belief, then, it is manifest that we 
could have no belief whatever; for we believe one proposition because we discover 
its relation to some other proposition; and we must ultimately come to some pri- 
mary proposition, which we admit from the evidence contained in itself, or, to 
speak more accurately, which we believe from the mere impossibility of disbelieving 
it. All reasoning, then—the most sceptical, be it remarked, as well as the most 
dogmatical—must proceed on some principles which are taken for granted, not be- 
cause we infer them by logical deduction, but because the admission of these first 
principles is a necessary part of our intellectual constitution. 

Every action of our lives is an exemplification of some one or other of these 
truths, as practically felt by us. Why do we believe that what we remember 
truly took place, and that the course of Nature will be in future such as we have 
already observed it? Without the belief of these physical truths, we could not 
exist a day, and yet there is no reasoning from which they can be inferred. 

These principles of intuitire belief, so necessary for our very existence, and too 
important, therefore, to be left to the casual discovery of Reason, are, as it were, 
an eternal, never-ceasing voice from the Creator and Preserver of our being. The 
reasonings of men, admitted by some and denied by others, have over us but a 
feeble power, which resembles the general frailty of man himself. These internal 
revelations from on high are omnipotent, like their Author. It is impossible for 
us to doubt them, because to disbelieve them would be to deny what our very 
constitution was formed to admit.“ (BROWN, p. 286.) 

The principle thus stated by Dr Brown, and some of the illustrations of it which 
he has given, seem to me to be worthy of all acceptation; but I beg to ask, how 
do they differ from the fundamental proposition of Dr Rerp’s Philosophy of Com- 
mon Sense; long previously set forth, for example, in the following passage? If 
there is no essential difference, then I think it clear that Dr Brown ought to have 
distinctly intimated his acquiescence in this, which Dr Rip regarded as the 
cardinal point of his doctrine; and so far, by limiting and defining the province 
of reasoning, and that of simple observation in such inquiries, endeavoured to 
prevent useless labour, and irksome uncertainty, in future students of the same 

All reasoning must be from First Principles; and for first principles no other 
reason can be given but this, that, by the constitution of our Nature, we are under 
a necessity of assenting to them. Such principles are parts of our constitution, 
no less than the power of thinking; Reason can neither make nor destroy them, 
nor can it do anything without them. 

low, or when, I got such first principles, upon which I build all my rea- 
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soning, I know not, for I had them before I can remember; but I am sure they 
are parts of my constitution, and that I cannot throw them off. That our thoughts 
and sensations must have a subject, which we call ourself, is not an opinion got 
by reasoning, but a natural principle. That our sensations of touch indicate 
something external, extended, figured, hard or soft, is not a deduction of reason, 
but a natural principle. The belief of it, and the very conception of it, are equally 
parts of our constitution. If we are deceived in it, we are deceived by Him that 
made us, and there is no remedy.”—( Works of RE, by Sir W. Hamitron, 
p. 130.) | 

I beg.“ he says farther, to have the honour of making an addition to the 
sceptical system, without which I conceive it cannot hang together. I affirm 
that the belief of the existence of Impressions and Ideas, is as little supported by 
reason, as that of the existence of Minds and Bodies. No man ever did, or ever 
could, offer any reason for this belief. A thorough and consistent sceptic will 
never therefore yield this point; and while he holds it, you can never oblige 
him to yield anything else. | 

Lo such a sceptic I have nothing to say; but of the semi-sceptics, I should 
beg to know, why they believe the existence of their own impressions and ideas? 
The true reason I take to be, because they cannot help it; and the same reason 
will lead them to believe many other things.“ (Do., p. 130.) 

In quoting this last passage from Dr Rem, I think it right to say, that notwith- 
standing his distinct assertion here made, and supported by Mr Stewart, that 
the evidence of Consciousness (by which we are informed of the acts of our own 
minds) stands on exactly the same footing as that of Sense, and is equally open 
to the objections of the sceptic, it seems to me that the objection to that state- 
ment, made by several more recent authors, is well founded; because what we 
mean by objects of consciousness are certain changes or events which we feel 
within ourselves, and we cannot, without absurdity, assert, both that such a change 
exists, i. e., that we feel it, and that we doubt its existence, which implies that it 
may not exist. To doubt the evidence of consciousness, therefore, is not merely 
to do violence to our understandings, but is to assert a contradiction in terms. 

This is thus stated by Lord Jerrrey: “ Whatever we doubt, and whatever we 
prove, we must plainly begin with Consciousness. Tat only is certain—all the 
rest is inference. Our perceptions—not the existence of their objects—are what 
we cannot help believing.” —(Revien, vol. iii., p. 283.) And the same ground is 
taken by Sir Wm. Hamiiton thus: There is no scepticism possible touching the 
facts of consciousness in themselves. We cannot doubt that the phenomena of 
consciousness are real, in so far as we are conscious of them, because such doubt, 
being an act of consciousness, would contradict, and consequently annihilate itself: 
but all beyond the mere phenomena of which we are conscious, we may, without 
fear of self-contradiction at least, doubt.”—( Works of Rem, &c., p. 129.) 
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But granting that this criticism is correct, the only alteration we need make 
on the passage last quoted from Rm is this, that, instead of asking the semi- 
sceptics why they believe in the existence of their impressions and ideas,” we 
should ask them, why they believe that the impressions and ideas of which they 
are conscious, are their own, or belong to the same persons as other mental 
changes which they remember. Here we become involved with the evidence 
of Memory and of Personal Identity, as to both of which Dr Brown expressly ad- 
mits, in passages already quoted, that they are to be ranked among the principles 
of Intuitive Belief; and with that slight correction, this passage from Dr Rem— 
closely approximating, as it obviously does, to that previously quoted from Dr 
Brown,—must have commanded his entire acquiescence. 

The reality and importance of these principles, regarded as ultimate facts in 
our mental constitution, is still more satisfactorily attested by Sir Wm. Hamitton, 
who has marshalled an array of authorities, such as any other man in this country 
might have in vain attempted, amounting to more than a hundred ancient and 
modern writers, all of whom, under certain varieties of expression, have announced 
and illustrated the same general proposition. 

Farther, not only have we this nearly uniform agreement of these philoso- 
phers in regard to the general statement of Rem, that “ there are various acts of 
our minds, of which, when we analyse them as far as we are able, we find Belief 
to be an essential ingredient ;” but we have a special agreement, of all those 
whose opinion is thought of much weight, as to the fact of the exercise of the Senses 
being one of the occasions, in which evidence of this description, whether directly 
or indirectly, is at least uniformly and essentially concerned. | 

The shortest and simplest account of Dr Rem’s doctrine on this subject is 
given by him in the following words: The external senses have a double pro- 
vince, to make us feel, and to make us perceive. They furnish us with a variety 
of sensations, pleasant, painful, or indifferent; at the same time, they give us a 
conception, and an invincible belief of the existence of external objects. This con- 
ception of external objects is the work of Nature; the belief of their existence is 
the work of Nature; so also is the sensation that accompanies it. The conception 
aud belief, which Nature produces by means of the senses, we call Perception.” 

He thus introduces the Intuitive Belief, simply as a part or accompaniment of 
the operation of the mind which results, in the healthy state, from an impression 
made on the senses, and a Sensation excited in the mind; and afterwards he 
enters on explanations in regard to the different qualities attributed to the material 
objects thus made known to us,—particularly as to the distinction of the Primary 
and Secondary qualities of matter, and the formation of the general notion or con- 
ception of Extension or Space; which, as he says, is no sooner formed, than it swells 
in the human mind to Infinity, as surely as the notion of Time to Eternity; and 
affords, therefore, the simplest illustration of the essential distinction between 
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Sensations felt in the mind, and Perceptions formed in the mind, in consequence of 
those sensations. 

But although he stated that he could trace the formation of our notions in 
regard to the external world no farther than the mental operations thus described, 
he distinctly admitted, as a general principle, the possibility, and approved the 
attempt, of farther analysis, if made under due precautions. “It must,” he says, 
require great caution, and great application of mind, for a man that has grown 
up in all the prejudices of education, fashion, and philosophy, to unravel his no- 
tions and opinions, till he find out the simple and original principles of his 
constitution, of which no account can be given but the will of our Maker. 

“This may be truly called an analysis of the human faculties; and till this is 
performed, it is in vain we expect any just system of the mind,—that is, an enu- 
meration of the original powers and laws of our constitution, and an explication 
from them of the various phenomena of human nature. Success, in an inquiry 
of this kind, it is not in human power to command; but perhaps it is possible, 
by caution and humility, to avoid error and delusion. The labyrinth may be too 
intricate, and the thread too fine, to be traced through all its windings; but if we 
stop where we can trace it no farther, and secure the ground we have gained, 
there is no harm done; a quicker eye may in time trace it farther.” —( Rem, p. 99.) 

It is plain, therefore, that it was quite in accordance with Dr Retn’s views,— 
both with the principles which he thought he had established, and with his anti- 
cipations of the future progress of the science,—to attempt a farther and more 
minute analysis of the acts of Mind, attending the exercise of the Senses, by 
which we are assured of the existence; and informed of the properties of external 
things; and to endeavour to refer these, by a process of induction, to other and 
more general Laws of Mind. This, accordingly, has been attempted by several later 
writers. Mr Stewart maintained, and fortified himself by the opinion of Turcor, 
that in order to the formation of the notion of Externality, or independent exist- 
ence, in any object of perception, a repetition of the same sensations, under the 
same conditions, is necessary, and that then the formation of that notion,—the 
conclusion thus drawn as to the existence of a cause for our sensations, inde- 
pendent of ourselves, might be referred to the general Law of Mind,—analogous 
to the first Law of Motion, or the Inertia of Matter,—our belief that the course 
of Nature is uniform, or will be in future such as we have already observed it.“ 

Dr Brown went a step farther. He explicitly admitted the accuracy of the 
distinction drawn by Dr Rxm between Sensations and Perceptions, and the con- 
venience of the term Perception, as denoting an act of the mind, distinguishable 
from all others, but, as he thought, resolvable into others. “I am far from wish- 
ing,” he says, to erase the term Perception from our metaphysical vocabulary. 
On the contrary, I conceive it to be a very convenient one, if the meaning attached 
to it be sufficiently explained, by an analysis of the complex state of mind which 
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it denotes.”—(Zectures, vol. ii., p. 47.) And he made a very ingenious attempt 
(such as Dr Rem, from his expressions above quoted, I think, must have approved) 
to explain how the notion of the primary qualities of matter may be gradually 
formed, by the help of experience, in the mind. 

Perception,“ he says, is only another name for certain associations and 
inferences which flow from other more general principles of the mind.”—(Vol. i., 
p 569.) He then goes on to explain how, by means of certain sensations, and 
particularly of those muscular sensations, consequent on the excitement of in- 
stinctive and voluntary muscular actions, which he has so ingeniously illus- 
trated, the notion of the qualities of matter may be gradually introduced into the 
human mind. He distinguishes the Primary Qualities of Matter, I think, more 
satisfactorily than Ret, or perhaps any other author has done, as the different 
modifications of Extension and Resistance ; “ the very notion of which combined,” 
he says, „seems necessarily to indicate a material cause, or rather, is truly that 
which constitutes our very notion of Matter.”—(Vol. i., p. 574.) 

I am much inclined to think, although I would not state it as certain, that his 
very ingenious analysis of the mental acts suggesting this notion, as it is often suy- 
gested,—i. e., regarding it as the natural result of muscular sensations, repeatedly 
vxcited, and again obstructed, in different degrees, at different points, and for different 
periods of time, is correct; if so, it affords as good an example as can be given, of 
what his friend Mr Campse.t called “the mysterious, and almost miraculeus 
subtilty of his mind.“ But I maintain with confidence, that it does not in the 
slightest degree invalidate the statement of Rrip, as to the Belief which accom- 
panies this act of the mind being a case of that Intuitive Perception of Truth, 
which we have seen that Brown, equally as Rem, admitted as the foundation of 
all knowledge and all reasoning; and that for two reasons :— 

First, Dr Brown expressly admits, that the perception of the primary qua- 
lities of matter may take place without any such process of repeated muscular con- 
traction and reasoning thereupon ; and that it does so in the lower animals, in 
whom the very first complex act of perception may often be observed to be in- 
stantaneous, and yet perfect, and its suggestions correct. The calf and the lamb,” 
he says, newly dropt into the world, seem to measure forms and distances with 
their eyes almost as distinctly as the human reason measures them after all the 
acquisitions of his long and helpless infancy.” (Vol. ii., p. 70.) 

The well-known observation of the chicken and the spiter shews that, in other 
classes of the lower animals, this primitive instinct, or suggestion, as he calls it, 
is still more obvious. It is therefore, as he states it, only a question of observa- 
tion and experiment, whether or not, in man as in other animals, Nature does 
communicate information by intuitive suggestion consequent on sensation,—which 


is neither contained in, nor logically deducible from, the sensation, but is, never- 
theless, correct. : 
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But secondly, the analysis which he offers of this act of mind, as usually per- 
formed by man, only professes to resolve the act, which Ret called Perception, and 
regarded as an ultimate fact, into other principles or laws of thought, which Dr 
Brown himself regards as ultimate facts; particularly into the principle that we 
must suppose a cause for all our feelings” (vol. i., p. 565) ; the “ intuitive belief” that 
what has been as an antecedent, will be followed by what has been as a consequent” 
(do., p. 514); the notion of Time; the belief in the Suggestions of Memory (do., 
p. 553); and the principle of Association or Suggestion (do., p. 565). “I do not 
conceive,” says he, that it is by any peculiar Intuition we are led to believe in 
the existence of things without. I consider this belief as the effect of that more 
general Intuition by which we consider a new consequent, in any series of ac- 
customed events, as a sign of a new antecedent, and of that equally general prin- 
ciple of association, by which feelings that have frequently co-existed flow together, 
and constitute afterwards one complex whole.”—(Vol. i., p. 518.) 

The fact that notions are formed in the Mind of the properties of Matter, per- 
fectly distinct from the sensations which excited them, and to be explained only 
by reference (sooner or later) to what we call Intuition, remains, therefore, as 
Rei stated it; and is indeed strongly illustrated and confirmed by the elaborate 
analysis of the mode of their formation, attempted by Dr Brown. 

On the other hand, a fundamental part of the doctrine of Kant, as I under- 
stand it, and to which Sir WILLIAXM Hamitton is disposed to assent, is, that the 
notion of Extension or Space, which Mr Stewart thought it important to distin- 
guish from the other primary qualities, as what he called one of the Mathemati- 
cal affections of Matter, ought to be regarded as a necessary condition, or native 
element or form of thought ; and that a belief in the existence of an extended 
world, external to the mind and even to the organism, is not a faith blindly 
created, or instinctively determined, on occasion of a sensation; but exists in, or 
as a constituent of, Perception proper, as an act of Intuition or immediate know- 
ledge.”—{ Collected Works of Rem, p. 883.) 

Whether this is really an improvement on the doctrine which he states, in 
connection with it, as that of Dr Rem | viz., “that on occasion of a Sensation, 
along with a notion or conception, constituting the Perception proper, there is 
blindly created in us, or instinctively determined, an invincible belief in its exist- 
ence” ], or whether this distinction is really verbal, I do not presume to decide; 
but I think it must be admitted, that this opinion is truly an addition to the 
statement of Rerp, and does not stand opposed to it; inasmuch as Rxm says only, 
that the conception and belief are the work of Nature;“ and this, of course, 
does not exclude the evidence that may be adduced in favour of any particular 
mode, in which we may suppose that Nature accomplishes the work; as, indeed, 
we have already seen that both Stewart and Brown supposed it to be performed 
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by help of the general law of belief in the continuance of the order of Nature, 
which it had not occurred to Rxm to connect with it. 

But if there be, as I maintain, this perfect accordance between the principles of 
Dr Rew and the elaborate attempt of Dr Brown, as of other later authors, to analyse 
those operations of mind to which the term Perception has been restricted by both, 
we may be pretty well assured that any difference of opinion among those authors, 
on this subject, can be of no great scientific importance; and may very probably 
resolve itself into one of those partial controversies, involving more or less of per- 
sonal jealousy, which, we must admit, have disfigured and retarded most sciences, 

We may next ask, then, how it should happen that Dr Brown should have 
thought himself justified in dwelling at great length on what he called an eztra- 
ordinary mistake made both by Rm and his followers, as to the evidence of 
Sense, and the scepticism of BERKELEY and Hume regarding it?—how he should 
have been led to infer, and been at such pains to prove, that there is no real dif- 
ference between the creed of the sceptic and that of the orthodox philosopher of 
Dr Retn’s school as to the evidence of sense; and how Sir James MACKINTOSH _ 
should have been led to assert the whole intellectual part of the philosophy of 
Brown to be, by reason of their difference on this very subject, an open revolt 
against the authority of Rm? 

Ihe reason of this is, that both these authors, and other recent writers, as 
it appears to me, certainly misconceived and misrepresented the controversy 
as it was carried on during last century, in several particulars. I do not say 
that there may not have been partial mistakes on the part of Dr Rem, particu- 
larly as to the exact meaning of previous authors,—and certainly there is in his 
writings a diffuseness of style, and frequent repetition of statements which might 
have been more impressive if more condensed ;—but the chief misapprehensions 
affecting the principles which I have stated, were clearly on the side of Brown. 


I. It was a palpable misconception on the part both of Dr Brown and Lord JEr- 
FREY, to attribute to Dr Rem the attempt to prove, by reasoning, the existence 
of the material world, in opposition to the scepticism of previous authors. 

Thus Dr Brown speaks of Reiw’s “ supposed proof of the existence of a material 
world,” as quite inadmissible (vol. ii., pp. 50. 51); and Lord Jerrrey speaks of 
his destruction of the Ideal Theory as “ having been held as a demonstration of the 
real existence of matter." ( Edinburgh Revien, vol. iii., p. 281.) Whereas they ought 
to have observed that Rm had, in a few simple but weighty words, disclaimed, as 
expressly as it is possible to conceive, any intention of attempting, or belief in the 
possibility of obtaining, such proof. He says, Many eminent philosophers have 
laboured to furnish us with reasons for believing our senses ; but their reasons are 
very insufficient, and will not bear examination.”—(Collected Works, p. 328.) 
„Man's knowledge of what really exists, or ever did exist, comes by a channel 
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which is open to those who cannot reason. He is led to it in the dark, and knows 
not how he comes by it.” The pride of philosophy has led some to invent vain 
theories to account for this knowledge; and others, who see this to be impracti- 
cable, to spurn at a knowledge which they cannot account for, and vainly endeavour 
to throw it off. But the wise and humble will take it as the gift of Heaven, 
and endeavour to make the best use of it.”—(Jbid, p. 330.) 

Consistently with this statement, it is plain that Dr Ret’s object (as ex- 
pressly avowed by Mr Stewart, Phil. Essays, p. 551, published in 1810, prior to 
Dr Brown’s first course of Lectures on this subject), in this department of the 
science, could not be to prove by argument the existence of the material world, 
but only to refute the argument against it; and to put our belief in it on the foot- 
ing of one of those Intuitive principles, the existence of which we have seen that 
Dr Brown fully admitted and illustrated, as being essential to all knowledge and 
all reasoning, and tacitly admitted in all inquiries and all arguments; therefore, 
to put scepticism on this subject on the same footing as that of the “ thorough 
and consistent sceptic, who will not believe in the suggestions of his own me- 
mory, or the identity of his own person,“ to whom Dr Rein had explicitly 
avowed, that he had nothing to say ;” and whose scepticism, as we have seen, Dr 
Brown regarded in precisely the same light. 


II. It was quite a misconception to suppose that the creed of the sceptics of 
those days was merely, as Dr Brown states it, the negative proposition that the 
independent existence of the material world cannot be proved by reasoning,—or, 
as he expresses it, that no argument can be offered to shew, by mere reasoning, 
the existence of external causes for our feelings. —(Sketch of a System, &c., p. 143.) 
If this had been their principle, the words above quoted prove, that it must have 
commanded the entire acquiescence of Dr Rem. But their creed,—so plausibly 
supported, and so ingeniously deduced from the language of the most esteemed 
metaphysicians then generally known, as to havea practical bearing which we can 
hardly realise in this generation,—was the positive proposition, that Reasoning 
compels or necessitates our disbelieving that independent existence, as involving 
an absurdity. | | 

The opinion of the ablest judges, says Dr Rez (in his first work, published in 
1764), when speaking of the reasoning of BERKELEY as to “ the evidence of the 
senses, seems to be, that these arguments neither have been nor can be confuted, 
and that he has proved by unanswerable arguments, what no man in his senses can 
believe.” (Collected Works, p. 101.) 

The object of Hume, says Mr Stewart, obviously was, to inculcate a uni- 
versal scepticism ; not, as some have supposed, to exalt reasoning, in preference to 
our instinctive principles of belief, but, by illustrating the contradictory conclu- 
sions to which our different faculties lead, to involve the whole subject in the 
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same suspicious darkness ;—not to interrogate Nature, with a view to the dis- 
covery of truth, but, by a cross-examination of Nature, to involve her in such con- 
tradictions as might set aside the whole of her evidence, as good for nothing.” 
(Phil. Essays, p. 56.) : | 

The argument of BERKELEY and Hume, although expressed in various terms, 
seems in substance to have been always this,—That we are made acquainted 
with any existence external to ourselves only by means of our own Sensations, 
i. ., of certain acts or states of our own minds; or, as they usually expressed it, 
by ideas in our own minds; that any such external objects as exist must be the 
exact images or prototypes of these ideas or mental states, and that it is absurd to 
assert that an act or state of mind, whether called sensation or idea, can be the 
exact image or resemblance of any thing but another act of the same, or some 
other mind. 

The following passage from Mr Hume is given by Dr Ren, as the shortest and 
clearest exposition of the argument which he had anywhere found :— 

The universal and primary opinion of all men, that we perceive external 
objects, is soon destroyed by the slightest Philosophy, which teaches us, that 
nothing can be present to the mind but an image or Perception ;” (the distinction 
of which term from Sensation, was not recognised by Hume), no man who re- 
flects, ever doubted that the existences which we consider when we say this house, 
and that tree, are nothing but perceptions in the mind, and fleeting copies and re- 
presentations of other existences which remain uniform and independent. So far, 
then, we are necessitated by reasoning to depart from the primary instincts of 
nature, and to embrace a new system with regard to the evidence of our senses. 
To the same purpose we have the explicit declaration of BERKELEY, that the 
existence of bodies, out of a mind perceiving them, is not only impossible, but a 
contradiction of terms.” 

This is not, as Dr Brown stated it, “a mere negative assertion, that the 
existence of external things cannot be proved by argument” (vol. ii., p. 55), but 
as Dr Rerp had said, a distinct positive assertion, that argument or reasoning does 
compel, or necessitate, our departing from the belief in that existence, as involving 
an absurdity or contradiction. It was these positive but puzzling, and even 
humiliating assertions, and these only, that Dr Rx undertook to confute. 


III. It was quite a misconception to assert, as Dr Brown repeatedly and con- 
fidently did, that the term Ideas, in the language of Hume, or of any philosopher 
after Lock, was to be understood only metaphorically or figuratively, as an ex- 
pression for acts or states of mind, and did not imply belief in the existence of 
anything intermediate between the mind and the external objects of sense. 

He shewed, indeed, that the term had been used occasionally in that metapho- 
rical sense by various authors; which Dr Rew knew, and regarded as a proof of its 
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being ambiguous, and therefore inconvenient. But we have already seen, that 
Mr Hume expressly asserted that the existences which we consider when we speak 
of objects of sense, are “fleeting copies and representations of other existences which 
remain uniform and independent ;” and his notion as to the nature of these fleet- 
ing copies is farther shewn in another passage, as follows,“ No external object 
can make itself known to the mind without the intervention of an image, and of 
these images the most obvious of the qualities is extension.” ( Treatise on Human 
Nature, vol. ii., p. 416.) Has not Mr Locke expressly told us, says Mr Srewarr, 
that the ideas of primary qualities of matter are resemblances of them; and that 
their patterns do really exist in the bodies themselves ;’ and did not Mr Hume under- 
stand this doctrine in the most strict and literal meaning of words when he 
stated, “ as one of its necessary consequences, that the mind cither is no sub- 
stance, or is an extended and divisible substance, because the idea of extension can- 
not be in a substance which is indivisible and unextended ?”—{Phil. Essays, p. 553.) 

This is surely enough to shew that what Locke and Hume called Ideas, had, 
according to them, a physical (not merely metaphorical) existence, and were 
essentially distinct from the mere acts or states of the mind itself. And as to 
BERKELEY, we have the distinct admission of Dr Brown himself, that he evidently 
considered ideas not as states of the individual mind, but as separate things ex- 
isting in it, and capable of existing in other minds, but in them alone.”—( Leet. 
vol. i. p. 523.) On which he very justly afterwards observes, that “ a mind con- 
taining, or capable of containing, something foreign within itself, and not only one 
foreign substance, but a multitude of foreign substances at the same minute, is 
no longer that simple indivisible existence which we term spirit. —(Lect., vol. i., 
p. 525.) But these statements are obviously and irreconcileably inconsistent with 
Dr Brown’s subsequent assertion, that the word Idea was used by all previous 
authors only metaphorically, and that in proving ideas not to be self-existent 
things, Rem had merely assumed as real what was intended as metaphorical. 

It is still more remarkable, that the notion which was taken up by Dr Brown, 
of the language of Hume and Berxe ey having been only metaphorical or figura- 
tive, is the very same as had been previously hazarded by Priest.ey, and pre- 
viously answered, and shewn to be inconsistent, both with the language of these 
and other philosophers, and with his own language, by Mr Stewart in his Philo- 
sophical Essays. | 

The following strictures,” says Mr Stewart, on Rerp’s reasonings against 
the Ideal Theory, occur in a work published by Dr Priestiey in 1774:— 

“ Before our author had rested so much upon this argument, it behoved him, 
I think, to have examined the strength of it a little more carefully than he seems 
to have done; for he appears to me to have suffered himself to be misled in the 
very foundation of it, merely by philosophers happening to call Ideas the images 
of external things ; as if this was not known to be a figurative expression, denoting, 
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not that the actual shapes of things are delineated in the brain, or upon the 
mind, but only that impressions of some kind or other are conveyed to the mind 
by means of the organs of sense, and their corresponding nerves, and that between 
those impressions and the sensations existing in the mind, there is a real and 
necessary, though at present an unknown connection.” 

On this passage, Mr Stewart observes, “ To those who have perused the 
metaphysical writings of BerkeLey and of Hume, the foregoing passage cannot 
fail to appear much too ludicrous to deserve a serious answer. Where did he 
learn that the philosophers who have happened to call ideas the images of 
external things, employed this term as a figurative expression ?” 

He then contrasts it with some of the expressions of Locke and of Hume, 
which I have already quoted, and afterwards proceeds to shew, that it is utterly 
inconsistent with the following passage in a subsequent work of Dr Priestiry 
himself,—* Whatever ideas are in themselves, they are evidently produced by 
external objects, and must therefore correspond to them; and since many of the objects 
or archetypes of ideas are divisible, it necessarily follows, that the ideas themselves 
are divisible also. The idea of a man, for instance, could in no sense correspond 
to a man, which is the archetype of it, and therefore could not be the idea of a man, 
if it did not consist of the ideas of his head, arms, trunk, legs, &c. It therefore 
consists of parts, and is consequently divisible. And how is it possible that a thing 
(be the nature of it what it may) that is divisible, should be contained in a sub- 
stance, be the nature of it likewise what it may, that is indivisible.” If the 
‘* archetype of ideas have extension, the ideas expressive of them must have ex- 
tension likewise; and therefore the mind in which they exist, whether it be 
material or immaterial, must have extension also.” N 

No form of words,“ says Mr Stewart, “ could have conveyed a more un- 
qualified sanction than he has here given to the old hypothesis concerning Ideas, 
—a hypothesis which he had before asserted to have been never considered by 
any philosopher but as a figurative mode of expression; and which, when viewed 
in the light of a theory, he had represented as an absurdity too palpable to deserve 
a serious refutation.” —(Phil. Essays, p. 554.) 

Mr Srewart afterwards refers, in the same work, to the passages which I 
shall presently quote from Dr Rib, as containing the true statement of his reply 
to the sceptical argument of BerKELEY and Hume; founded, as he believed it to 
be, on the language of Locke, and of what have since been termed the Sensa- 
tional School of Metaphysicians; and farther refers to several prior authors, par- 
ticularly Bax rnR in this country, and D'AlxunzgRT in France, as having stated 
and pointed out the importance of the sau principle that Rxip did, but without 
illustrating it sufficiently —(See Phil. Essays, Notes and Illustrations, p. 55.) 

I cannot conceive that Dr Brown should have made the statements which I 
have quoted, and which Sir James Mackixrosn and others have approved, as to 
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the language of Hume and others having been merely metaphorical,—and should 
have pronounced, on that ground, the claim of Dr Rxip to a refutation of their 
scepticism to have been inadmissible, without making the least reference to Mr 
STEWART’S answer to the very same objection when made by PrigstLey, and with- 
out mentioning the passages in Rxip and other authors to which Mr Stewart had 
referred, as the true exposition of this argument,—if he had read or reflected on those 
passages in Mr Stewart's writings; and yet they were published in his Philosophi- 
cal Essays in the summer of 1810, i. e., some months before the first course of lec- 
tures which Dr Brown delivered as Professor of Moral Philosophy in Edinburgh. 
But those who are aware of the peculiar sensitiveness of Dr Brown’s physical con- 
stitution, of the painful effort which he made to prepare his lectures for that first 
course, and of his unwillingness at any subsequent time to revert to that part 
of his subject, on which indeed his lectures subsequently underwent only verbal 
alterations, will feel no difficulty in understanding, that one of Mr Srewart’s 
essays (the second in the volume of Philosophical Essays published in 1810), and 
the notes to it, may either not have been read, or read so hastily as to have been 
speedily forgotten by Dr Brown, and never recurred to his mind when he was 
either revising his lectures, or preparing the short abstract of this portion of 
them which was published only a few months before his death. 

It is only doing justice to the candour and discernment of the late Dr WELsx 
to observe, that in stating, in his life of Dr Brown, the argument drawn from what 
he considered to be only the metaphorical use of the term Idea, in opposition to 
Dr Reip's argument, he took notice of what he termed “the defence of Reip’s 
views, contained, as if by anticipation, in Mr Stewart's Philosophical Essays,“ — 
i. e., contained in a work published before Dr Brown’s lectures containing that 
argument were delivered, if not before they were written. It was perhaps un- 
fortunate that Dr WERL merely referred to Mr Stewart's argument, and to 
some of the extracts from former authors by which it was supported, without 
quoting them, or expressing any opinion of his own on the subject. (See Life of 
Dr Brown, p. 259.) And it is still more unfortunate that Mr Srewarr him- 
self, in the essay in question, and the notes to it, although he refers to the pas- 
sages in Rip's writings, which I shall presently quote, as containing the true 
statement of his argument, did not quote any of his words. 


IV. But farther, keeping always in mind that Dr Rrip's avowed object was, 
not to prove by reasoning the existence of the material world (which he expressly 
avowed to be impossible), but only to confute the argument which represented 
that belief as an absurdity, I would observe that it was quite a misconception _ 
to suppose, as both Dr Brown and Lord Jerrrey did, that “the destruction of 
the Ideal Theory” was what constituted “the confutation of the reasoning of 
BERKELEY and Hume.” Dr Rew was perfectly aware that the word Idea, in that 
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argument, might be used only metaphorically, as asserted by Dr Brown; and 
his answer to the argument is expressly so stated as to be equally applicable, 
whether the word is used in the literal or the metaphorical sense. His main argu- 
ment is directed, not necessarily against the supposition of intermediate exist- 
-ences, called Ideas, but against the supposition that the material world, if it 
exists, must be the express image or representation of the mental acts by which 
we are made acquainted with it. 

It will be observed, that there is no absurdity in saying that a Sensation, or 
any other mental act, uniformly attends the impression on any of our organs, 

made by any particular external object or quality, that it indicates to us its ex- 

istence, and suggests to us, or enables us to form, a notion of its nature. The 
absurdity lies only in supposing, that any mental act can be the exact image or 
representation of anything but another mental act, in the same or another mind ; 
and Dr Reip was at pains to point out that his reply to this is independent of 
any particular meaning, and even of the use, of the word Idea. 

He says.“ To prevent mistakes, the reader must be reminded, that if by 
Ideas are meant only the acts or operations of our minds in perceiving, remem- 
bering, or imagining objects, I am far from calling in question the existence of 
those acts ; we are conscious of them every hour of life, and I believe no man of a 
sound mind ever doubted of their existence. (Intellectual Powers, p. 197.) 

This shews that he was aware that the term Ideas might be used metaphori- 
cally, or as illustrative language” for acts or states of mind. 

Then he says, in stating his argument against Bishop BerKELEY,—*“ That we 
have many Sensations by means of our external senses, there can be no doubt, 
and ifhe is pleased to call these Ideas, there ought to be no dispute about the 
meaning of a word.“ But,“ says Bishop BERKELEY, by our senses we have 
knowledge only of our Sensations or Ideas, call them which you will; and these, 
which are attributes of Mind, can have no resemblance to any qualities of a thing 
which is inanimate. J allow him to call them which he will, but I would have the 
word only in this sentence to be well weighed, because a great deal depends upon it. 
For if it be true that by our senses we have the knowledge of our sensations only, 
then his system must be admitted, and the existence of a material world must be 
given up as a dream.”—(Oollected Works, p. 290.) 

Then he goes on to give the proof, that the mental act in question, however 
rapid, is more complex than it had been represented,—that our minds are so 
constituted as to form uniformly certain definite notions on occasion of certain sensa- 
tions being excited in us,. to draw certain inferences, or pass certain judgments, as 
to the existence and certain qualities of things external to ourselves,—that it is 
to these perceptions that the intuitive belief of independent existence is attached, 
—and that these we at once perceive, when our attention is fixed on them, to be es- 
sentially distinct from the sensations, and to resemble them in no particular. This per- 
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ceived or felt dissimilarity of the Notions or Conceptions, as to external existences, 
which are formed in the mind, from the Sensations which suggest or introduce 
them into the mind, is what both Rem and Srewanrrt relied on, as the answer to 
the sceptical argument of Hume and BerkeELey ; and is not once noticed either by 
Dr Brown or Lord Jerrrey. 

This argument is given at more length by Reip as follows:“ It is true we 
have feelings of touch, which every moment present the notion of Extension or 
Space to the mind: but how they come to do so is the question; for those feel- 
ings do no more resemble extension, than they resemble justice or courage ; nor can 
the existence of extended things be inferred from those feelings, by any rules of 
reasoning ; so that the feelings we have by touch can neither explain how we get 
the notion, nor how we come by the belief, of extended things. 

“ What hath imposed upon philosophers in this matter is, that the feelings of 
touch, which suggest primary qualities, have no names, nor are they ever reflected 
upon. They pass through the mind instantaneously, and serve only to introduce 
the notion and belief of external things which, by our constitution are connected 
with them. They are natural signs, and the mind immediately passes to the 
thing signified, without making the least reflection upon the sign, or observing 
that there was any such thing.” 

Let a man press his hand against the table, he feels it hard. But what is the 
meaning of this? The meaning undoubtedly is, that he hath a certain feeling of 
touch, from which he concludes, without any reasoning, or comparing ideas, that 
there is something external really existing, whose parts stick so 8 together, 
that they cannot be displaced without considerable force. 

There is here a feeling, and a conclusion drawn from it, or some way suggested 
by it. The hardness of the table is the conclusion, the feeling is the medium by 
which we are led to that conclusion. Let a man attend distinctly to this medium 
and to this conclusion, and he will perceive them to be as unlike as any two things 
in nature. The one is a sensation of the mind, which can have no existence but 
in a sentient being, nor can it exist one moment longer than it is felt ; the other 
is in the table, and we conclude, without any difficulty, that it was in the table 
before it was felt, and continues there after the feeling is over. The one implies no 
kind of extension, nor parts, nor cohesion; the other implies all these. Both, indeed, 
admit of degrees, and the feeling, beyond a certain degree, is a species of pain, but 
adamantine hardness does not imply the least pain.”—(Collected Works, p. 125.) 

The substance of this argument is, that the external existences, or qualities of 
external objects, of which our knowledge is acquired by the senses, are not felt or 
apprehended by us as prototypes or patterns of the sensations, through which 
they are made known, but perceived to differ from them in every particular ; as in 
the case of the notion of Extension or Space, formerly mentioned,—formed during 
the exercise of various senses, i. e., in consequence of the excitement of various 
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sensations, but which is no sooner apprehended than it “ swells in the human 
mind to Infinity,” to which notion certainly no human sensation can bear any 
resemblance; and no one has rightly apprehended the argument, or can be aware 
of the importance ascribed to it by Mr Stewart, as opposed to what has been 
since called the Sensational School of Metaphysicians, who has not adverted to 
this absolute and essential dissimilarity of the sensations, from what Dr Rem calls 
“the Perceptions,” and Dr Brown, the“ Associations and Inferences,” consequent 
on those sensations. Those who do advert to that dissimilarity must perceive. 
that our conception of, and belief in, the external and independent existence of 
space and matter,—although a mental act, and a complex one, and involving 
one of those intuitive judgments, as to the existence and authority of which we 
have seen that Rem, Stewart, and Browsy, are fully agreed,—is perfectly distinct 
from the sensation by which it is excited, and involves no such absurdity or con- 
tradiction in terms, as the assertion that 4 sensation or other mental act, can be 
the exact image and representation of anything that is not mental; and therefore, 
that the sceptical argument of BERKELEWY and Hume, founded on that supposed 
absurdity, and necessitating our departure, as Hume expressed it, from the in- 
stincts of nature, as to the evidence of the senses, falls to the ground. | 

The same observation applies to the notice of this subject by More.t, in his 
review of the Scottish Philosophy, who says, that Dr Rem does not appear to 
him to have dealt a complete and effective blow against Humr’s argument respect- 
ing the material world ;” because, he says, the sceptic may urge, with no little 
force, that although we must admit the reality of our own personal or subjective 
ideas (i. e, of the objects of consciousness), yet it still remains to be proved, that 
our perceptions, however clear, and our beliefs, however strong they may be, in- 
ternally, have reference to any object out of, and distinct from ourselves.” Rei, 
he says, deprived himself of the “ power of answering this final argument, by 
maintaining that Perception is altogether an act of Mind. So long as perception 
is regarded as only a subjective process (i. e., an act of mind of which we are con- 
scious), and an idea defined to be the act of the mind in making itself acquainted 
with external things, we are unable to point out to the sceptic what he demands, 
viz., a clear passage from this subjective activity of the mind to the outward and 
material reality. ¶ Morells Philosophy, vol. i., p. 287.) 

Now, if this author had rightly comprehended the argument of Rerp,—which 
I apprehend he must have known only from the account of the controversy given 
by Dr Brown,—he would have known that REI considered the clear passage from 
the act of Perception in the mind to the material reality, to be precisely similar to 
the passage from our consciousness of to-day to our recollections of yesterday; i. e., 
to rest on one of those principles of Intuitive belief, the existence and authority of 
which are admitted by himself and by Brown, as well as by RED; and to be 
from its own nature incapable of any other proof. 
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But if he had rightly comprehended the argument of Hume and BEKELRV, he 
would have known, that they not only demanded a clear passage from the mind 
to the material object, but maintained that it is absurd to assert that any such 
passage exists; because, as we have seen, they said that by our senses we have the 
knowledge only of our Sensations or Ideas, call them which we will, and nothing 
can possibly resemble a sensation, except another sensation in the same or another 
mind; to which assertion and consequent imputation of absurdity it was that Dr 
Rib opposed the fact in the natural history of the mind, that by our senses we 
have the act of Perception excited in our minds, involving, as all admit, an intui- 
tive belief; and which, particularly in the case of the primary qualities of matter, 
is distinctly felt by us to be separate from the sensation by which it is excited, 
and utterly incapable of comparison with it. 

But it is equally obvious, that this perception and belief, being regarded as an 
ultimate fact, or as containing in itself an ultimate fact in our mental constitution, 
like every other ultimate fact, physical or moral, involves a mystery, and one on 
which we must accustom our minds to dwell, if we would form to ourselves any 
clear notions as to the constitution of the human mind, or its connection with the 
Divine Mind. It is only by a kind of Instinct, as expressed by D’ALEMBERT, but 
it seems better to use the term Intuition,. prior to Reason, and superior to reason, 
—that the human mind can overleap the gulf that separates the visible world, 
from the percipient soul.” 

I have already shewn that by the admission of Dr Brown himself, in all de- 
partments of human knowledge, we meet with such ultimate facts and principles 
of intuitive belief, any farther explanation of which can be given us only by “the 
great teacher, Death ;” and very little reflection is sufficient to shew that the only 
objects which we can propose to ourselves in any inquiry which lies on the con- 
fines of Matter and Mind,—in which both physical changes and mental acts are 
concerned,—are to ascertain the exact phenomena on each side of the line of de- 
marcation, the precise conditions under which they take place, and the precise 
laws by which they are determined,—the mode of union being beyond our com- 
prehension. But so restricting our objects of inquiry, we may confidently as- 
sert, that enough has been ascertained in regard to the mental operations con- 
sequent on the impressions on our senses, as well as to their physical conditions, 
to form an important body of science, and furnish conclusions of the highest 
interest. 

I think myself justified by what has been stated, in affirming that in so far as 
Dr Brown thought he had detected an essential error in the reasonings of Dr 
Rxm on this subject, he had deceived himself; and that in so far as he made a 
real advance, in our knowledge of the manner in which the notion of the primary 
qualities of matter is formed in the human mind, he proceeded strictly in accord- 
ance with the principles of Rew and Stewart; and therefore, that it is only 
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retarding the progress of knowledge on the subject, to represent these authors 
as at variance with one another. In fact, it a»pears to me, that his doctrine 
on this subject, referring to the general Law of Belief in the permanence of the 
order of Nature, is substantially the same as that of Srewart and Tundor, and 
that the only real addition which he made to our knowledge on the subject, con- 
sists in explaining the province of the muscular sensations, as distinguished from 
those sensations that result merely from impressions on the cutaneous nerves, with 
which they had generally been confounded under the name of Sensations of Touch; 
and in connection with them, the importance of the ideu of Time, in communicating 
the information on which our notions of the Primary qualities of Matter are founded. 
This is the same distinction as is expressed by several French physiologists by the 
terms Tact and Toucher ; and it appears from the learned researches of Sir WILLIAM 
HaMILTON, that it had been clearly pointed out by various other authors, ancient 
and modern; but I have no doubt that it was original on the part of Dr Brown. 


In concluding these remarks on this part of the Philosophy of Dr Brown, | 
see no objection to my stating, what I am very certain was the case, that the re- 
pugnance which he felt towards the peculiar doctrines of Dr Rep, was in reality 
not so much on the score of judgment as of taste. His own taste in literature was 
peculiar,— it was founded in a great measure on the classical models,—and he 
was even more ambitious than Mr Stewart, of combining the reputation of a 
scholar and elegant writer with that of an acute metaphysician. The perfect 
simplicity of the language, the total absence of fancy, and the homeliness of 
many of the illustrations, in the writings of Dr Rem, were distasteful to him ; and 
I cannot but consider, therefore, his objections to the doctrines there laid down, as 
an illustration of the truth of the observation on his own scientific character, 
which J have often heard from my Father; who had the highest admiration, both 
of the acuteness of his intellect, and of the purity and elevation of his moral prin- 

ciples, but used to speak of him as the man of the most fastidious taste that 
he had ever known. : 

It has been often observed, that the intellectual opinions, even of the men 
who take most pride in the exercise of their understandings, are very often more 
or less guided by their tastes and feelings; and in regarding the prejudice which 
may be detected in the writings of Dr Brown, against the phraseology and the 
doctrines of Rem, as an instance of the reaction of independent thought against 
mere authority, and of cultivated taste against the imputation of vulgarity, I do 
not think I do injustice to the memory of either of these illustrious men. 

Sir WILLIAu Hamiton, as I already mentioned, expresses himself strongly as 
to the doctrine of RI regarding the formation of the notion of the primary qua- 
lities of matter, as so far from “ being a confutation of Idealism, affording it the 
best of all possible foundations ;” but then he explains this by saying that he 
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means only “that simpler and more refined Idealism, which views in ideas only 
modifications of the mind itself,” i. e., only what Dr Brown, in one passage 
already quoted, regarded the ideas of BERKELEY, viz., as a metaphorical way of 
expressing acts or states of the mind; in which sense Dr Reip, as we have 
already seen, said he did not object to the use of the term, although he preferred 
another phraseology ; and using it in that sense, we have seen that his argument 
against Hume and BerKELey is independent of any objection to the term. 

Dr Reip goes no farther in explaining the manner in which we acquire the 
knowledge of extension or space, than to say, that it is a Perception, or a notion 
suggested to the mind by certain of our sensations, distinctly formed in the 
mind, and in which, when we analyse it as minutely as we can, we find the be- 
lief of external independent existence to be an essential element. Sir WILLIAM 
HAMILTON considers the conception of Space to be a native form, or necessary con- 
dition of thought; but that we have an immediate perception of something ex- 
tended, i. e., invested with this quality, and which is independent of us. (See 
Notes to pages 126 and 324 of Collected Works, Sc.) 

I cannot perceive that there is anything more than a verbal distinction be- 
tween these forms of expression ; but if there be a real improvement in the latter 
form, it seems to me that it is sufficiently provided for by Dr Rrib's admission, 
that a finer eye may trace the labyrinth farther than he has done; but that in 
the meantime there is no harm done” in resting on the position of Rep as to 
that belief; and acquiescing in his reflection, that if we are deceived in it, we are 
deceived by Him that made us, and there is no remedy.” 

It is stated by Moret, and I believe is the opinion of others who have made 
a study of recent German works on metaphysics, that the works of Dr Rein and 
all other Scotch metaphysicians, although accurate, so far as theygo, in inves- 
tigating and classifying the more obvious phenomena of the mind, as they 
appear in the individual, are deficient in not having gone a step farther, and dis- 
covered the very laws of our mental constitution, on which our primitive beliefs 
rest; that they might have sought the groundwork of our universal notions in 
the depths of our own being, and thus referred all the principles of common 
sense, all the primary laws of belief, back to their source in the subjective forms 
of the understanding and the reason (Historical and Critical View, Go., vol. ii., 
p. 64); that in investigating the mental phenomena, our object should be to 
discover, not merely the reality of certain principles, but their necessity,—not 
merely the law of operation, but the reason of that law” (Ditto, p. 53); and that 
this is to be done, not by mere induction, but by scanning the contents of our 
consciousness by the power of reflection, whereby we are enabled to catch the 
very forms of our inward activity.”—(P. 52.) 

In forming this opinion, I cannot help thinking that this very learned and 
estimable author has deceived himself; and that no such advance has been made 
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since the time of Srewart and Brown, either in the mode of inquiry, or in the 
results of inquiry on the subject. But all that I wish to observe on that point is 
this, that those speculations avowedly relate to subjects ulterior to those on 
which Reip and Stewart exerted their minds; that they do not stand opposed to 
the doctrines of Rep or Stewart as to the exercise of the senses, and the mental 
acts thence resulting, but are regarded as an addition to these doctrines; and 
therefore, that, whether admitted or rejected, they ought not to interfere with our 
appreciation of the truth or importance of the principles regarding our mental 
constitution, which they had laid down, and which these authors substantially 
approve. | 

In particular, while I cannot but admire the sublimity of the Theological in- 
ferences which More. has stated as resulting from the study of the Mind as he 
directs it, I cannot think it necessary to go farther into the subject than Rei and 
Stewart had done, in order to draw from it inferences as satisfactory to the in- 
tellect, and as consoling to the heart of man, as can be drawn from any unassisted 
human contemplation or reflection. 

It is stated, indeed, by MorE.L, that the great argument of Natural Theology, 
drawn from the observed adaptation of means to ends,—of which Imay observe, that 
the principle of the adaptation of the construction of animals to the conditions of their 
existence, so Well illustrated since their time by Cuvier, Owen, and their follow- 
ers, is distinctly an example,—has been well set forth by all the Scottish School 
of Metaphysicians, from Rem to CHALMERS; but that two subjects connected with 
it ought to have been taken up more fully, viz., Ist, the origin of the idea of Ab- 
solute Power, or of the Divinity in the mind; and, 2d, the relation of the Divine 
Power, or Energy, to Man m tlie one hand, and to Nature on the other.—( Modern 
Philosophy, vol. ii., p. 71.) The first of these, I think, may really be regarded as 
a defect in the philosophy of Dr Brown, who rested the great argument of Na- 
tural Theology ewclusively on the observed adaptation of means to ends;—and 
did not admit as a part of that argument, the formation of the notion of Efficient 
Cause, as distinguished by Rip and Stewart from Physical Cause ;—and that it 
was a defect seems to me distinctly shewn byan observation of his own, which 
I cannot reconcile with the doctrine which he had laid down on this subject. 

The passage to which I allude is that where he speculates, with his usual 
eloquence and fancy, on the emotions which would be excited in the human race 
if it were possible that they should come to maturity in a world of darkness, and 
the sun were then suddenly to arise on their sight. The very atheists of such a 
world,” he says, would confess that there is a Power that can create.” Now he 
surely could not have maintained that this instantaneous inference would imply a 
process of reasoning, by which the supposed atheists might satisfy themselves that 
some particular object was in view, which could only be attained by an influence 
of the sun, and therefore saw in this sudden and striking change an adaptation of 
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means to ends. If not, then this inference must be allowed to establish the fact 
of the observation of sudden and striking change introducing into the mind the 
notion of a Power that can create; and I cannot conceive that the notion 
arising in the mind from the contemplation of these circumstances, and which is 
here expressed by that term, excludes the idea of Arbitrary Will. If it includes 
that idea, it cannot be correctly expressed by the definition given by Dr Brown 
of Power, which he allowed to be a simple idea, formed by intuition, but was at 
great pains to prove to mean merely “ Invariable Sequence, having reference not 
only to the past, but to every future case.” (Observations on Cause and Effect, 
p. 101.) I cannot help thinking, therefore, that this illustration is sufficient to 
establish the reality of the idea of Absolute Power, or of Efficient Cause, as dis- 
tinguished from Physical, which was maintained by Rein and Srewart, but 
contested by Brown. This criticism of More.., therefore, I believe to be justly 
applicable to Brown, but certainly not to either of his predecessors. 

The second principle stated by MorELL as having been neglected by the Scottish 
School of Metaphysicians, is so beautifully expressed by himself, that I cannot help 
quoting his words. The principle in question, he says, should be a comment on 
the scriptural doctrine, that in Gop we live and move and have our being. This 
is a truth which has more meaning in it than the cursory reading of it gives 
us; it evidently has a reference to the mysterious dependence of the human spirit 
upon the Divine, shewing us that we are all emanations from the Divine Essence, 
and although gifted with a distinct personality, yet that we are but waves in the 
great ocean of existence, ever rolling onwards to our eternal home.’’—( More, 
vol. ii., p. 72.) | 

Now if the doctrine of Rip and Stewart really excluded from the reflections 
of the metaphysician so elevating and consoling a train of thought as this, we 
might regard them as truly and lamentably defective; but I confidently main- 
tain, that all that is necessary is to let the mind dwell for a little on the principle 
of Intuitive Perception of Truth, illustrated by them as well as by Brown, © 
and in connection with it, on the facts regarding our mental constitution which 
they have explained, in order to be satisfied of the truth and justice of the senti- 
ment which I have quoted, and which, indeed, in all ages has suggested itself to 
the most profound thinkers in this department of science. 

„Intuition or Inspiration, says Victor Cousin, “ is in all languages distinct 
from reflection or from Reasoning. It is the simple perception of Truth; I mean of 
essential and fundamental truths, without the intervention of any voluntary or 
personal act. This intuition does not belong to us. We are there, when the act is 
performed in our minds, simply as spectators, not as agents; all our action con- 
sists in having the consciousness of what is going on. Our perception of simple 
and primary truths may be separated, therefore, from the fallible reason of man, 
and referred to that Reason which is Universal, Absolute, Infallible, and Eter- 
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nal, beyond the limits of Space and Time, above all contact with error or disor- 
der,—to that Intelligence of which ours, or that which makes its appearance in 
us, is but a fragment,—to that Mind, pure and incorruptible, of which ours is only 
the reflection.” 

These are sentiments which adorn and dignify Science, but I beg to ask, 
whether they are not in exact accordance with the doctrines of all our esteemed 
Scottish metaphysicians,—nay, whether they may not be regarded as commen- 
-taries on the simple text already quoted from Rip, that all our knowledge of 
what exists, or ever did exist, traced to its source, is found to come by a channel, 
which is open to those who cannot reason, i. e. (the word reason being ambiguous), 
who cannot exert the voluntary power of Reasoning, but only yield to the influence 
of the faculty of Intuition implanted in their nature,—*“ that we are led to it in 
the dark, and know not how we came by it,—and that the wise and humble will 
simply take it as the gift of Heaven, and try to make the best use of it.” Accord- 
ing to the doctrine of Rem, all those mental acts in which Intuitive Belief is in- 
volved, and on which all knowledge is directly or indirectly founded, although we 
call them ours, are ultimate facts in Nature, independent of our will, and beyond 
our comprehension ; and this conclusion, so far from humbling the human mind, 
establishes a more intimate connexion between man and his Creator than can be 
inferred from any other facts in nature. 

When we attend to the meaning, and trace the applications of this principle 
of Intuition, necessarily involved in the only account we can give of our per- 
ceptions, and of all our knowledge; when we observe the still more striking 
exercise of this power in animals, whose sensations suggest to them, prior to all 
experience, the true distance, direction, and size of external objects, certainly 
neither contained in, nor deducible by any process of reasoning from, the intima- 
tions of sense; when we reflect on the equally mysterious nature, and yet on the 
proved fidelity (in the healthy state) of the evidence of Memory, essential, not 
only to all reasoning, but to all definite voluntary action of men and animals; 
when we consider the nature and the tendency of those Instinctive propensities 
or Impulses, which are excited in us and in all animals during the exercise of the 
senses, and which are equally requisite and equally effective, in attaining objects 
essential to our existence, as are the vital properties of muscles and of nerves ;— 
in all these cases, we shall perceive that truths are made known to us in a manner 
absolutely mysterious ;—by means of impressions on our senses, but no more con- 
tained in sense, than the explosion of a cannon in the spark that gave it fire.” 

And when we farther observe, that the actions which are prompted by the In- 
stincts and Volitions both of animals and of men, consequent on the knowledge thus 
acquired, are all conducive to certain important ends, intelligible to us after ob- 
servation and reflection, but scarcely ever in the contemplation of the agents at 
the moment, we can express these facts only by saying that both men and animals 
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are the depositaries or recipients of certain portions of the knowledge, and the 
instruments of certain of the designs, of the superior Mind to which they owe their 
existence. And the “ creed of the sceptic,” shewing that it is by no exertion of 
our own reason, and indeed by no process of which we can give any account, that 
so many truths are made known to us, and so many useful acts suggested to us, 
becomes an essential part of the short and simple train of reasoning by which 
that connection is inferred, and which may be thus stated. 

Much of the knowledge which is part of the constitution of our minds, or 
which is awakened in us by the exercise of our senses, is not our knowledge; it is 
neither contained in our sensations, nor deducible by any reasoning from them, 
nor subject to our will, nor acquired by our experience or recollection; yet it is 
found to be accurate, and the possession of it to be useful and necessary to us. 

So also, many of the actions which we perform, which are fitted to the attain- 
ment of ends important to us, and obviously performed in anticipation of those 
ends, are not prompted by any such anticipation of ours. The will which per- 
forms them is ours, but the knowledge of their consequences, with a view to which 
they are performed, is not ours. Man,“ says Gulzor, “is a workman, intelligent 
and free, but the work in which he is employed is not his; he sees the intention of 
it only when it has been so far accomplished, and even then, sees it only imper- 
fectly.” In so far, therefore, as the observation of these phenomena of our minds 
leads to an inference of Intelligence,—and if it does not, we have no grounds for 
ascribing intelligence to any of our friends or fellow-citizens,—it must be intelli- 
gence prior to ours, and superior to ours, and on which ours is dependent. 

It seems to me, that it is quite unnecessary to make any additions to the doctrine, 
which we have seen was the common doctrine of REI, of Stewart, and of Brown, 
as to the existence and authority of the Intuitive Principles of Belief,—and hardly 
necessary to illustrate this farther than the two former authors had done,—to justify 
the whole of this inference. But farther, it is precisely the same inference which 
we find, if not so fully illustrated, at least distinctly expressed as resulting from 
the contemplation of our mental constitution, by much earlier authors. It was the 
same idea that was expressed by the three memorable words of Cicero, “ Homo 
Rationis Particeps” (not possessor); and by the positive assertion of PLATO.— 
that nothing is more certain than that a part of every man’s mind existed before 
he did. Nay, in an earlier record than either of these, of the first metaphysical 
reflections of the human race, in those very words from the Book of Job which 
Dr Rip took as the motto of his Work on the Intellectual Powers, there is, as 
we are assured by an eminent Hebrew scholar, a meaning more exactly in accord- 
ance with the leading principle of Dr Reip’s Philosophy, than, in selecting that 
motto, he was probably aware. The words are, “ Who hath put wisdom in our. 
inward parts?” but the more precise expression of the meaning, we are assured, is, 
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Who hath given to our inward parts, or to our thoughts, the security of knowledge ? 
i. e., What security have we of the truth or reality of knowledge, which we can 
trace no farther than certain impressions made on, and changes excited in, our 
own minds? and the only answer which the context will admit is, that we have 
no security but the will of our Maker, whereby our minds are so constituted, that 
Belief is an essential component part of the acts which they uniformly perform, 
or the states which they uniformly assume, under certain circumstances ; which in 
this as in other departments of knowledge, we can go no farther than to specify 
and describe. 

I may just add, that there are two questions in Physiology, which have at- 
tracted much attention of late years, and of which I think a just view cannot be 
taken, without a previous accurate discrimination of those mental phenomena 
which Dr Rep distinguished as Sensations, Perceptions, Recollections, and Volun- 
tary Efforts. The first regards the appropriation of the larger masses of the nervous 
system to their specific uses; and first, to those muscular movements which are 
generally now described as depending on the Reflex action of the Spinal Cord, e. g, 
those concerned in Respiration, Deglutition, and the various actions associated with 
those, and which have been ascertained, particularly by the experiments of 
FLouREns, to have no dependence on the hemispheres of the Brain or Cerebellum ; 
and, accordingly go on, even for months together, in animals of which both the brain 
and cerebellum have been extirpated ; so that the term Reflex Spinal Action may be 
properly applied to them, instead of the older term Sympathetic Action, by which 
they were long previously distinguished. But it is equally certain, and was indeed 
established long ago, by Dr Wuyrt, that another principle is here concerned, 
which goes so far in explanation of the fact, not only that muscular contractions are 
excited by this reflex action in these circumstances, but that those muscles are se- 
lected for this purpose, which are capable of performing the motions, and successions 
of motion, requisite for the particular end to be attained in each case,—one set of 
motions, e. g., for breathing, another for coughing, another for deglutition, another 
for vomiting, &c. That principle is the existence and the peculiarity of the Sen- 
sation, preceding and attending the performance of each of these motions. The proof 
of this is, that in many of these cases, the same sensation may be excited by im- 
pressions made on the sensitive nerves of different parts, in each of which the 
same reflex or sympathetic movement follows; while in others, different sensa- 
tions result from varied impressions made on the sensitive nerves of the same 
parts, and in these different reflex actions are excited. It appears, therefore, that 
it is by the sensations preceding and attending them, that the nature and inten- 
sity of these reflex movements are determined, at least in the ordinary exercise of 
these functions; and that those parts of the nervous system, and those only, which 
are found to be essential to those movements, must be those which are concerned 
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in the mental act of Sensation; which term is now habitually used in Physiology, 
in exactly the same sense as Dr Rm understood it.“ 

Accordingly, I think it may be confidently asserted,—although many physio- 
logists speak of reflex actions as not necessarily connected with sensation,—that 
the correct expression of these phenomena was truly given by Cuvier, in his Re- 
port to the Academy of Sciences on the Memoir of FLourENs in 1822,—that an 
animal of which brain and cerebellum have been destroyed, and the medulla 
oblongata only remains in the cranium, is still capable of feeling Sensation, and 
of performing those acts which are immediately linked with sensation; and, in- 
deed, is dependent on sensations for the preservation of its life, which, in these cir- 
cumstances has been preserved for many months,—because it still breathes, and 
still swallows what is put into its mouth, &c.; but that, in these circumstances, it 
has no recollection of past sensations, shews none of its usual habits, cannot seek for 
food, or even avoid obstacles placed in its way; in short, is reduced to a state of 
stupor, more or less profound. In such an animal, of course, those judgments 
consequent on sensations, to which both Dr Rim and Dr Brown gave the name of 
Perceptions, and all.more strictly Mental recollections and acts consequent on 
these, are manifestly suspended; and thus we acquire the certainty that the dis- 
tinction of Sensations and Perceptions, which we have seen to be of so much im- 
portance when considered metaphysically, is fully confirmed by physiological in- 
quiries, and, I may add, by researches in Comparative Anatomy; which have 
proved that the Cerebro-Spinal Axis is the part of the animal structure which fur- 
nishes the conditions, and supplies the instrument, of the ones et of mental phe- 
nomena; and the Brain and Cerebellum, superimposed on that structure within the 
skull, are those which minister in like manner to the other. This is, in fact, the 
only conclusion, as to theappropriation of these different parts of the larger masses 
of the nervous system to different acts or states of mind, which has ye tbeen satis- 
factorily established; and if we regard it, as I think we may, as an important 
guide to farther inquiries as to the use of the different portions of the physical 
instrument concerned in Thought, we ought also to regard it as an important 
indication of the value of the distinctions among the acts of thought, with which 
these different portions of the nervous system are connected. 

The other question is, as to the degree of modification which the exercise of.the 
Senses, as well as other mental acts may undergo, in several anomalous conditions 
of the living body, especially in that to which the term Somnambulism, Extase, or 
Clairvoyance, has been applied. On this subject, which can only be elucidated by 
very carefully-conducted observations,—always likely to be impeded by peculiar 
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sources of fallacy, especially by that extraordinary propensity to deception which 
medical men so continually encounter in this part of their studies,—it would be 
wrong in me, not having had sufficient opportunities for making such observa- 
tions, to pronounce any decided opinion; but I think it only due to the memory 
of Dr Rep to point out, that in one part of his writings he has distinctly asserted, 
—and indeed, consistently with his principles, could not fail to perceive,—the 
possibility of such a modification of the exercise of the senses, as has been ex- 
pressed by the term Clairvoyance; and left it, therefore, as a question to be de- 
cided simply by experience, whether or not such modification may occur. 

“Our power of perceiving external objects is limited in various ways, and 
particularly in this, that without the organs of the several senses, we perceive no 
external object. We cannot see without eyes, nor hear without ears; and it is 
not only necessary that we should have these organs, but that they should be in 
a sound and natural state. | 

All this is so well known from experience, that it needs no proof; but it 
ought to be observed, that we know it from experience only. We can give no 
reason for it, but that such is the will of our Maker. No man can shew it to be 
impossible for the Supreme Being to have given us the power of perceiving exter- 
nal objects without such organs. 

If a man were shut up in a dark room, so that he could see nothing but 
through one small hole in the shutter of a window, would he conclude that the 
hole was the cause of his seeing, and that it is impossible to see in any other 
way? Perhaps, if he had never in his life seen but in this way, he might be apt 
to think so; but the conclusion is rash and groundless. He sees, because Gop has 
given him the power of seeing; and he sees only through this smail hole, because 
his power of seeing is circumscribed by impediments on all other hands.“ — 
(Rrib's Collected Works, p. 246.) 

On this passage we have the following note by Sir WILLIAud HAuLTONV:— 
However astonishing, it is now proved beyond all rational doubt that, in certain 
abnormal states of the nervous organism, perceptions are possible through other 
than the ordinary channels of the senses.” 

This is expressing a decided opinion on the question, on which I have said that 
I de not think myself qualified to judge; but I beg to express my perfect concur- 
rence with Sir WiLL1AM HamitTon in thinking, that, consistently with the prin- 
ciples of Dr Ren, it is a question on which no d priori opinion is admissible, and 
which observation and experiment alone can decide. 
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XXXIV.—Summation of a Compound Series, and its Application to a Problem in 
Probubilities. By Bisnor Terror. 


(Read 21st February 1853.) 


The series proposed for solution in the following paper is— 
(=. m—q+p+1)x(1.2.3......4) 
„2.3.4 


(A) 


The law of this series is manifest. Each term is the product of two factorials, 
the first consisting of p, and the latter of g factors. And in each successive term, 


the factors of the first factorial are each diminished by one, and those of the latter 
increased by one. 


Let there be a series, X. I. I X. T. . X. V. 
where, Y,=Y,+4,, Y,=Y,+4,=Y,+4,+4,, and so on. 
Then the series - X. x Y, 
＋X. X VI +4, 
+X. II 
&c. 48 
=3X,x X. X AI 2X. A, &c. 
where 2 X. means the sum of all the terms of X from X, to X. inclusive. 
Let us then, in the first place, take the differences of the second factorials— 


&c. &c. 
Hence the sum of the whole series 
2 m- m—p+q+1).1.2.38.....q—l.g 
(B) 
+2 (m—q—2.m—q-3. 3.45. 971.9 
| &c. &c. 
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Integrating then each line separately, we have the sum 


541 m- g 11. - m—p+q+1x1.2.3......q—1 


+ — 
&c. &c. 


If again we treat this form as we have done the original, by taking the 
differences of the second factorials as they now stand, and again integrating, we 
reproduce the sum in the form | 


-g-1 —— 
pal pad ™—G+2.m—q+] 1.2.3. 
- (D) 
&c. &c. 


It appears, then, that we may continue this differentiation on the one side 
9 times, and integration on the other g+1 times; and that at each succeeding 
operation, an additional next lower factor will be introduced into the numerator 
of the fractional coefficient, and an additional next highest into the denominator. 
And after 9 differentiations, the last factorials will all become unity; and, the 
middle factorial having acquired an additional higher factor at each of g+1 inte- 
grations, we have for the sum of the series— 


9.9—1.9—-2 1 — 
571.572 oe ptqtl xm+l1.m m—qtp+l1 } (E) 


II. 


The Problem in Probabilites to which the foregoing summation is applicable, 
is the following :— 

Suppose an experiment concerning whose inherent probability of success we 
know nothing, has been made p49 times, and has succeeded p times, and failed 
q times, what is the probability of success on the p+q+1™ trial. 

This Problem is interesting, because it tends to the discovery of a rational 
measure for those expectations of success which constitute the motive for a large 
portion of human actions. The force of such expectations commonly depends, 
not upon reason, but upon temperament; and, according, as a man is naturally 
sanguine or the reverse, so in all the contingencies of life, does he over-estimate 
or under-estimate the chances in his favour. | 

It would be going much too far to think, that we can give an algebraic formula, 
by the application of which a man may, in every practical case, correct his 
natural tendency to error, and arrive at a strictly rational amount of expectation. 
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All that we can say is, that experience has led dispassionate men to come to nearly 
the same conclusion as the mathematician: for while he asserts the probability 


of success to be 52742 they act upon the supposition that the probabilities of 
success and failure are proportioned to the number of experienced cases of success 
and failure: and when either p or ꝗ is a large number, that is, when the experience 
is great, the conclusion and the supposition coincide. 

In order to realise the Problem, we shall use the ordinary illustration, and 
suppose that a bag contains m balls in unknown proportions of black and white, 
but all either black or white; that p white and g black balls have been drawn, 
and that it * to find the probability of drawing a white at the p+g+1'¥ 
drawing. 

The Problem as thus stated, admits of four varieties. 

1. m may be given, and the balls drawn may have been replaced in the bag. 

2. m may be given, and the balls drawn nct replaced. 

3. m may be infinite or indefinite, and the balls replaced. 

4. m may be infinite or indefinite, and the balls not replaced. 

Of these, the 3d is the only case which I find solved in the treatises which I 
have consulted. I propose to solve the 2d case, and therein the 4%; and, in 
conclusion, to make an attempt at the solution of the 1s¢ case. 

To render the observed event, that is, the drawing of p white and ꝙ black 
balls (or E), possible, the original number of whites may have been any number 
from m- ꝗ to p inclusive, and the number of blacks any number from g to m- p. 

Let us call the hypothesis of m- white and ꝙ black, H, 
and m—q—1 white and 971 black, H,, &c. 


Thi U. gives for probability of E 


— 


m. M—Q—prl 
or, calling the denominator A. | | 
U. gives A 191 m—q—p+1x1.2.8..... 2 (a) 
H, gives 1 -m—g~1.m—q-2 m—g—px2.3.4.... q+1 (8) | (F) 
H, gives m—g—p-1x8.4.... 9+2 00 
&e. Ke. | 


Now, 478 f, Kc. by the former proposition (E) 
1 be — 1 


* The coefficient (U of GALLOWAV'õ expressing the of different ways in which 


as it disappears in the expression eo ke 


of 
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err. 11 
But the probability of a white at p+q+ L drawing on H, mPa 
probability of white derived from H, is 
I. S8. 1 
So probability from H, 


11 . 54441 


And so for all the other hypotheses in succession. 

Now this series, omitting for the present the consideration of the fraction 
which is a factor common to them all, is a series of the same form as that summed 
in the last proposition, only that now p+1 must be substituted for p. 

We have therefore the whole probability of a white at p+ q+ I drawing 


p41. 512. 54971 1.2.9 
p+2...ptqt2 


1 
mTI.· m 
Note.—It may be worth observing, that, had we summed the original series in 
Prop. 1. upwards instead of downwards, we should have got for a first factor 
1.2.3...p 1.2.38. . 9 
Which must therefore Am 
that these fractions are equal may be proved independently, for if we divide each 


by 1. 2.3... p „ 1. 2.3. . . 4, we have on both sides the same quotient 
1 
1.2.3... p+q+l 


There now remains for solution only the first case of the problem in chances, 
that is, to find the probability of drawing a white ball, when m the number of 
balls is given, and p white and g black have already been drawn and returned. 

The main object in this case is to sum the series 


This may be done much as in the preceding case, by taking the successive 
differences of the right-hand factors till the differences vanish, and multiplying the 
successive terms of the last or g+1™ row of differences into the ql summa- 
tion of the successive terms of the series (1 22. 10 7 (T2. +m—2), 
Kc. 

This may be sufficiently explained by going through the operation in a low 
particular case. Let p=2, q=3. 
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Then the series written perpendicularly is 
m—-1" x1 3,m—1" x1 3,m—1" x1 z,m—1" x} 2 
m—2" x8 3,m—2" x7 2,m—2" 6 2m — 26 x 5 2 — 24 
= in- x19 = x12 = „6 x1 
m—4" 64 3m—4"x37 2m 4 „18 3,m—4" x6 
m—5" 125 5861 „20 3x,m—5"x6 


Ke. Kc. Ke. &e. 
The value of the different sigmas is easily found by the method of finite dif- 
ferences. 


Generally, since the differences of 1, 2%, 3", &c., always vanish in the g+1" 
line and after the 9 term of it, the general expression is 
+d, 241m—2” d. in-; 
d., d., d., &., signifying the Ist, 2d, 3d, &c., terms of the 7+1 row of differences. 
This summation may be applied to find the probability in the case now under 
consideration, for it expresses the a + 8 ++y, &c., of the preceding case. Applying it 
as we did the value of a8 ＋ ,. &c., there found, we shall find the n of a 
white ball at the p+q+1™ trial to be 


(21 m—1"+d, 2541 d, ( 
If m be infinite, the expression becomes 
(L+d,+ . . . ,). m?*! 
m (IT d.. di. eim, m 


But if æ be a quantity varying between the limits 0, 2, 


And by continuation 


Leim“! p+l.p+2...p+qtl_ 511 
m p+2.pt+3...ptq+2 


We have thus found the probability in every case of the problem; the 2d and 
4th at H, for the result being independent of m, must be true for an infinite as 
well as for a finite number. The Ist case is solved at K, and the 3d at L. 
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XXXVII.—On the Optical Phenomena and Crystallisation of Tourmaline, Titanium, 
and Quartz, within Mica, Amethyst, and Topaz. By Sir Daviw Brewster, 
k. H., D.C. L., F.RS., and V. P.R.S. Edin. (With a Plate.) 


(Read 4th January 1853.) 


The existence of certain minerals imbedded in others,—the optical 8 
which they exhibit,. their form and mode of distribution, and the mechanical in- 
fluence which has been exerted during their formation on the mineral that con- 
tains them, are among the most curious and instructive facts in physical science. 

The dissemination of perfectly-formed crystals of titanium, both in the form 
of titanite and anatase, in Brazilian crystals of quartz, is a fact so well known 
that I shall take no farther notice of it, but shall proceed to give an account of a 
series of facts of a much more general and interesting character, which I have 
had occasion to observe, during an extensive examination of minerals, undertaken 
with a different object. 

1. On the Distribution of Tourmaline in Mica. 

When fluids and condensed gases are imprisoned in the cavities of topaz and 
other hard minerals, they retain their place till some powerful agent releases 
them from confinement, or till heat gives them such an expansive force as to 
burst the mineral. In mica, however, where the laminz of which it is com- 
posed are held together by a very feeble cohesive force, the fluids in their cavi- 
ties, and the extraneous materials which were present at their formation, have 
experienced no difficulty in quitting their place, and spreading — be- 
tween the plates of the mineral. 

Tourmaline and quartz, though thus distributed between the laminz of mica 
subsequent to its crystallisation, have yet found a place in it contemporaneously 
with the crystallisation of the mica itself. In this case they are large crystals, 
equivalent in thickness to many lamine, and may be taken out and subjected to 
examination. Some of the crystals of tourmaline are so large, indeed, that I 
have used them with their own natural faces as analysing prisms ; and the quartz 
crystals, which are amorphous, and very irregularly formed, occupy a still greater 
space. In both cases, however, the tourmaline and the quartz, when taken out, 
leave large openings in the laming, and 
the mica around them. 

The crystals of tourmaline thus formed in the mica, have almost always the 
faces of the flattened hexagonal prism parallel to the laminze of the mica. I have 
found, however, a few cases in which the flat summit of the hexagonal prism is 
parallel to the lamine. The crystallisations of quartz have also the axis of the 
prism, or its hexagonal faces parallel to the laminz. 
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The other crystals of tourmaline which I have discovered in mica have a very 
different character: They have been formed subsequently to the crystallisation 
of the mica, and exist only between its laminze. I have not been able to discover 


any cavities in mica containing fluids or gases, but I have found thousands from 


which the fluids and gases have escaped,—the one crystallising into hexagonal 
plates of tourmaline, and the other separating the laminz, or running between 
them, and carrying along with it minute portions of crystallisable matter. 

The hexagonal crystals thus formed have their faces perpendicular to the axis 
of double refraction, which is the axis of the prism ; and what is peculiarly in- 


teresting, the fluid from which they were formed has insinuated itself between 


several of the laminæ, and the different plates of tourmaline which they formed 
have, of course, the sides of the hexagon incoincident. Sometimes these crystals 
extend to different distances from the centre of the original cavity, and are occa- 
sionally formed round it in a circular group. See Plate XV., Fig. 1. | 

The centre of the cavity from which these erystals have been projected is oc- 
cupied by a spherical group of granular or capillary crystals, which is generally 
very opaque, though such groups sometimes exhibit, in particular spots, double 
refraction, and a speck of light is occasionally seen through the centre of the 
group. In some cases I have observed these very thin hexagonal plates without 
this opaque centre; and they have probably been formed by a portion of the fluid 
projected to a distance between faces of easy cleavage. The black spherical 
group already mentioned has its outward surface bristled with points, which are 
the extremities of the crystals radiating from its centre; and in one fine specimen 
to be farther described, it is surrounded with a ring of less opacity than the nu- 
cleus, and analogous to what is common in circular crystals. See Fig. 1. 

The thin plates thus formed between the laminz, whether hexagonal or pris- 
matic, are always of a faint brownish yellow, which at an increased thickness be- 
comes green; and so exceedingly thin are these plates, especially those farthest 
from the nucleus, that with a power of 400, it is often very difficult to see their 
terminal lines. 

In order to convey an idea of these phenomena, I have given a drawing in 
Fig. 1 of a very interesting one, where the prismatic crystal nearest the black 
central group is a bright green in all azimuths with polarised light, surrounded 
with three or four larger prismatic yellowish plates, growing fainter both in tint 
and outline as they recede. In some cases the crystals are brown, and in others 
beautifully dichroitic, being bright green and pink in the different azimuths of 
polarised light. 

As considerable forces must have been in operation during the production of 
these phenomena, we may expect to see the effects of them upon the surrounding 
mica. We accordingly observe the polarisation produced by pressure round 
almost all of these crystalline groups. Rents and other marks of violence are dis- 


— — 
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| tinctly seen in the mica, and cracks or luminous streaks often occur in the 
tourmaline plates themselves. 1 have observed, too, in portions of the mica 
where I cannot find any cavities or crystals, distinct luminous sectors of polar- 
ised light, which could only be produced by a force emanating from their centre. 
| This force may have been that of gas discharged from some neighbouring cavity, 
and driven by change of temperature to some other part of the mica plate; and 
| in the following remarkable phenomenon we may perhaps find some evidence in 
favour of this opinion. : 

| Plates of mica contain many beautiful systems of Newton’s rings, occupying a 
| circular space where the laminz have been separated by some cause or other, 
| and where, of course, there must be either air or some gaseous body. The colours 
of the first order are at the circumference of the circular space where the laminz 
are in optical contact, and the higher orders of colour extend towards, and often 
to the centre of the space. Now it is a curious fact, that wherever there is a 
cavity which has projected its fuid and probably gaseous contents, it is situated 
in the circumference of one of these circular spaces. When two cavities have been 
near each other, the circular spaces unite and lose their form, and when the cavi- 
ties have been more numerous, the circular spaces unite into very irregular 
shapes. That these circular hollows or spaces -between the laminz have been 
produced by something which has issued from the cavity to which they are so 
constantly related, cannot admit of a doubt. That it has not been a fluid is evi- 
dent, and therefore it must have been a gas, which is either there still, or has 
escaped through some minute openings between the laminz, where optical contact 
has been restored.* 

There are some specimens of mica in which the crystals of tourmaline are 
large and opaque, and exhibit phenomena which I believe have not been recog- 
nised in any other mineral. The most interesting specimen of this kind I owe to 
Professor FLemine, who pointed out to me one of the peculiarities which it con- 
tains. This specimen is accurately represented, of the natural size, in Fig. 2. 
The largest of the five crystals is 0°28 of an inch broad, and the smallest 0-08 of 
an inch. Their thickness cannot greatly exceed the thousandth of an inch, and yet 
it is with difficulty that the strongest sun-light can be seen through them. The 
form of the smallest is a perfect hexagon, and in the rest the same form is more 
or less distinct. In the oval crystal there are numerous holes, and in all of them 
there are numbers of rectilineal cracks parallel to the sides of the hexagon, and 
some of them so narrow that light can scarcely pass through them. When we 
look at the sun through one of these crystals, a curious optical phenomenon 
is seen, a luminous hexagonal surface, composed of lines of light, parallel to the 


* A fluid even may have thus escaped, and the circular hollow remained as before. In 
support of this opinion, see Edinburgh Transactions, vol. x., p. 11; but especially voi. xvi., p. 13 ; 
or Phil. Mag., vol. xxxi., p. 101, August 1847. 
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sides of the hexagon, and six beautiful radiations, like those of the Asterial 
Sapphire, perpendicular to the sides of the hexagon. . 

The existence of these rectilineal fissures is an important fact in crystallogra- 
phy. It proves that the crystals were in a soft state after they had attained their 
present form; and that, in the process of induration, the fissures were produced 
by the shrinking of the tourmaline, in the same manner as similar fissures are 
produced during the induration of clay. In the mica which surrounds some of 
the crystals, there is the appearance of considerable disturbance; but I can find 
no trace of any cavity from which the tourmaline may have been ejected in a 
fluid state. The faces of these crystals are not everywhere in optical contact 
with the mica, and it is very probable that they could be removed without any 
adhering mica, as I have occasionally found crystals of tourmaline that were 
moveable between the laminz. 

In the same specimen which contains these tourmalines, and in others, I have 
found, what I believe has never before been observed, the woolly filaments of the 
Penicillum glaucum of Lixx, with its sporules scattered about between the laminz, 


and sometimes beautifully moniliform, as in the Penicillum glaucum obtained 
from milk by M. Turrin.* 


2. On the Distribution of Titanium in Mica. 

In examining a remarkable specimen of mica from Irkutsk, in Siberia, I 
found titanium between the laminz in various forms, sometimes in amorphous 
plates, sometimes in a powdery state adhering to the mica, and most frequently 
in beautiful dendritic forme of various degrees of thickness. At a thickness of 
about the hundredth of an inch, the titanium, in all these forms is ‘opaque; but 
at less thicknesses, it has a brownish transparency, becoming almost perfectly 
transparent at thicknesses which do not seem to exceed the 2000th part of an 
inch. In Fig. 3 I have given a drawing of an opaque group executed for me 
with minute accuracy by my celebrated friend Mr Hamnincer of Vienna, during 
his residence in Edinburgh. The transparent groups are much more beautiful 
than the opaque ones, the crystalline ramifications having the most diversified 
forms, resembling often regular organisations. 

When the mica is removed from above the titanium, so that only an exceed- 
ingly thin film of it is left, the reflected light is extremely brilliant, and consists 
of the most splendid colours. These colours, which have always the form of the 
titanium, are those which are produced by the thin film of mica which covers 
the titanium, and are not produced, as has been supposed, by a vacuity in the 
mica. 


In some specimens of mica from Bengal, the imbedded titanium is spread out 


* See Comptes Rendus, tom. v., p. 822, 1837, Dec. 11. 
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in a very irregular manner from a nucleus, sometimes having the form of a thin 
film; sometimes of oriental characters; and sometimes it is disseminated in grains 
so extremely minute, that the flame of a candle seen through mt is n with 
a halo of five or six perfectly-formed coloured 1 : 


3. Distribution of Quartz in Mica. 


In mica from various localities, I have found large crystallisations of works the 
quartz replacing the mica. I have never even once met with a regular crystal of 
quartz; and what is curious, all the crystalline masses of it which I have exa- 
mined have their axis of double refraction in the plane of the laminæ of mica. 
In some very large specimens of Bengal mica given to me by Mr Swinton, I have 
found layers of quartz, several inches in area, and about the 200th of an inch 
thick. The two surfaces of the plates are exceedingly inequal and corrugated, 
owing to the circumstances under which they were formed, but they possessed 
regular double refraction, and gave the colours of polarised light. 


4. Distribution of Titanium in Amethyst. 

While examining, many years ago, along with the late Marquis of Nortu- 
AMPTON, several bags of amethyst which had been imported into Scotland from 
the Brazils, we were surprised to observe a number of fine pyramidal crystals, 
which seemed to have a powdery matter distributed through their mass. Upon 
more narrowly examining these crystals, I found that this dust formed an inner 
pyramid, all the faces of which were parallel to the faces of the pyramid of ame- 
thyst. When two parallel faces were ground upon the pyramid, and perpendi- 
cular to its axis, the particles of dust were seen by the microscope to consist each 
of several spicular crystals of titanium, crossing one another at angles of 60° and 
30°, and forming distinct groups. In one crystal there were two interior pyra- 
mids composed of these groups; and it will be seen, from the explanation which 
I shall presently give of this phenomenon, that there may be any number 11 such 
pyramids. 

As the crystals of amethyst are supposed to have been produced by the gradual 
enlargement of a small crystal placed in an amethystine solution, we have only to 
assume that a solution containing titanium has been introduced into the ame- 
thystine solution at different times during the growth of the crystal. The small 
crystals of titanium will deposit themselves on each of the surfaces of the pyra- 
mid; and when the whole of the introduced titanium has been thus deposited, 
the enlargement of the amethyst will go on, leaving a pyramid of titanium crys- 
tals in its interior. Ifa second solution of titanium is introduced, a second pyra- 
mid of its particles will be formed in the same manner; and this process may 
be repeated any number of times. 


If we now suppose that the amethystine solution is exhausted, just when the 
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titanium solution has deposited all its crystals, the completed crystal of amethyst 
will have its outer surfaces covered with spicular crystals of titanium, or the pyra- 
mid of titanium groups will be on the very outside of the pyramid of amethyst. 
I had the good fortune to find such a crystal, in which the coat containing the 
titanium is laid like varnish on all the faces of the pyramid, but only on the 
upper end of three of them; the lower end of these three faces having lain on the 
solution protected from the deposition of the titanium. This crystal is, I believe, 
unique, and possesses the great interest of exhibiting the very process by which 
it was formed. 

The two phenomena which I have just described are shewn in Figs. 4 and 5. 


5. Distribution of Titanium in Brazil Topaz. 

In examining a great number of very imperfect crystals of Brazil topaz, I 
found many which contained crystals of titanium of a brilliant scarlet colour, 
with a tinge of yellow. These crystals were perfectly transparent, and occurred 
in seven different forms. 

1. In flat amorphous plates, which were highly transparent. 

2. In hexagonal plates, lying in different planes. 

3. In transparent lines running in different directions, and, though continuous, 
lying in different planes. 

4. In lines running inwards from the margin of the specimen, and terminating 
in small flat plates. See Fig. 6. 

5. In the most remarkable symmetrical forms like sceptres or maces, resem- 
bling some of those symmetrical cavities which I had previously found in the 
white topazes of New Holland.* See Fig. 7. 

6. In some specimens the plates of titanium are actually bent, as in Fig. 8. 

7. In little groups of transparent circular plates of a scarlet colour, and hav- 
ing concentric rings. - : 

When light is reflected from the separating faces of the titanium and topaz, 
it is almost completely polarised; and at greater angles than that of maximum 
polarisation, colours of singular brilliancy cross the reflected images. These 
colours are doubtless connected with the fact, that at some of these faces there 
are three images of a luminous object seen by reflexion, one of the two outer ones 
being polarised oppositely to one of the double middle images, as in the case of 
the multiplication of images in composite crystals of calcareous spar. f 


6. On the Crystals and Cavities in Garnet. 


In the greater number of the crystals of garnet which I have had occasion to exa- 
mine, I have found many crystals and cavities, and much amorphous matter. In 


* See Edinburgh Transactions, 1826, vol. x., Plate XX. 
t See Phil. Trans,, 1815, Plate XV., Fig. 2. 
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one specimen, in particular, the included crystals form a larger mass than the 
garnet, which is merely a cement for holding them together. These crystals have 
various crystalline forms, while some are amorphous, though regularly crystallised 
in their interior. All these crystals are doubly refracting, and give the colours of 
polarised light from their small size. 

In another specimen, many of the crystals, in the form of hexagons and 
rhombic plates, are opaque, and exhibit by polarised light the remarkable pheno- 
menon, which I had never before seen, of having luminous edges, so that when 
the rest of the crystal and all the field of view is dark, we observe hexagons and 
rhombs, and other geometrical figures, depicted in lines of red light. It is not 
easy to ascertain the cause of this singular appearance, because we cannot see the 
form of the crystals where the light exists; but I have no doubt that the lumi- 
‘nous lines consist of light depolarised by reflexion from the sides of the hexagonal 
and rhombic plates, because the illuminating pencil is much larger than the crys- 
tals, and the crystals much smaller than the pupil of the eye, so that light 
must be reflected from the prismatic faces of the hexagons and rhombic plates, 
if they have sufficiently broad faces, and that light so reflected must enter the 
pupil of the eye. 

In this specimen and in others there are many spherical cavities, surrounded 
with sectors of polarised light, and also several amorphous masses of matter, 
round which there is also polarised light, indicating, as all the phenomena of the 
crystals do, that the matter of the garnet must have been in a soft state, and com- 
pressed by some force emanating from these cavities. 

In another specimen of garnet, a large fissure in its interior is occupied with 
granular matter, which must have issued either from a burst cavity containing a 
fluid or a gas, or both; but what is very interesting, and what I have never ob- 
served in any other mineral, the matter has, in several places, formed circular 
crystals of singular beauty, some being very simple, and others very composite. 
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XXXVIIL.-~—On the Production of Crystalline Structure in Crystallised Powders, by 
Compression and Traction. By Sir Davin Brewster, K. H., D. C. L., F. R. S., 
V. P. R. S. Edin., and Associate of the Institute of France. 


(Read 7th March 1853.) 


| The influence of compression and dilatation in producing the doubly refract- 
ing structure in solids of all kinds, whether crystallised or uncrystallised, which 
do not possess it, and in modifying that structure in all crystals which do possess 
it, has been long known; but with this class of phenomena, those which I am 
about to describe have no connection whatever. 

In the course of experiments on the double reflexion and polarisation of light 
which I discovered in the chrysammates of potash and magnesia, murexide, and 
other crystals, I was surprised to find that these substances could be spread out 
upon glass by hard pressure, like grease or soft wax, and that in the case of chry- 
sammate of potash and other bodies, when the powder could scarcely be distin- 
guished from snuff, I obtained a transparent film, exhibiting the phenomena of 
double reflexion and polarisation from its surface, as perfectly as if I had been 
using a large crystal. 

In subsequently repeating these experiments, and examining, under polarieed 
light, the film thus produced by compression and traction, I was surprised to ob- 
serve that the streaks and separate lines of the film, as well as the film itself, had 
regular axes of double refraction, as if they were regularly crystallised portions of 
the substance under examination. These streaks and capillary lines, which were 
often of extreme minuteness, did not appear to consist of insulated particles merely 
dragged into a line, but when the substance possessed the new property in per- 
fection, the lines of polarised light were continuous, and the crystallographic as 
well as the optical axes of the particles were placed in that line. In other cases, 
where the experiment was less successful, the insulation of the particles was 
easily recognised, though the general mass of them was crystallographically 
arranged. 

In making these experiments, the natural n powder, or the particles 
of the crushed crystal, may be placed, either upon a polished glass surface, or upon 
a piece of glass ground on one side. In those cases where the substance is soft, the 
polished surface is preferable, but when the powder is hard and considerable pres- 
sure necessary, it is better to place it upon the ground surface of a piece of glass, 
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as the particles are detained between its minute elevations, and submit more 
readily to the combined force of pressure and traction. When the powder is thus 
placed, I take a polished and elastic knife, and with its broad point I compress 
and drag the powder in a given direction, till there is the appearance of a polished 
surface on the compressed substance. In general, I have used both the smooth 
and the rough glass, and have frequently obtained results with the one, which 
were not given by the other. 
If we now place the plate of glass in a polarising microscope, with the field 
dark, we shall find that the streaks and lines produced by traction have, in cer- 
tain substances, regular neutral and depolarising axes, as if they were prismatic 
crystals of the substance under examination. With the chrysammate of magnesia, 
a red powder with specks of yellow reflected light, the phenomena are peculiarly. 
splendid ; the natural colours of the substance, which vary greatly with the thick- 
ness of the streaks and films, being combined with the different tints which they 
polarise. As the crystals of this substance possess unusual reflexion, this pro- 
perty is displayed in the crystallised streaks produced by traction; and the 
superficial colours which they reflect, vary with the azimuth which the plane of 
incidence forms with the plane passing through the axis of the prism. 

The remarkable property which I have now described, I have found, in a 
greater or a less degree, in the following crystals :— 


Chrysammate of magnesia. Platina and magnesia, cyanuret of. 
sn of potash. and barytes, cyanuret of. 

Hydro-chrysammid. . potassium, cyanuret of. 

Murexide. . ammonia, chloride of. 

Aloetinate of potash. Potash, oxymuriate of. 

Aloetinic acid. chromate of. 

Oxamide. Urea, nitrate of. 

Palmine. Sulphur. 

Palmic acid. Camphor. 

Amygdaline. Cinchonine. 

Tannin, pure. sulphate of. 


Quinine, pure. 


Meconic acid. 


acetate of. Brucine, sulphate of. 
sulphate of. Morphia, acetate of. 
muriate of. Tin, iodide of, 
phosphate of. Cerium, oxide of. 
.. Citrate of. Parmeline. 

Cacao butter. Lecanorine. 

Veratric acid. Indigo, red. 

Esculine. Ammonia, oxalate of. 

Theine. sulphate of. 

Silver, cyanide of. Soda, chromate of. 

acetate of. Lead, iodide of. 
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Strychnine, sulphate of. ‘ ar Mercury, oxymuriate of. 
acetate of. | Isatine. 

Soda, native nitrate of. | Alizarine 

Berberine. ! Manganese, sesquioxide of. 

Mucic acid. Lead, protoxide of. 

Solanine. Tungstic acid. 

Asparagine. , Chromo-oxalate of potash. 


In submitting other crystals to the influence of compression and traction, I 
have found great numbers which do not exhibit the least trace of transparent 
streaks and lines, the separate particles being merely dragged into lines, and ex- 
hibiting only a quaquaversus polarisation. On the other hand, there is another 
class of crystals, whose powders or particles are forced into distinct and transpa- 
rent streaks and lines in which the individual particles have a quaquaversus 
polarisation, and no trace of a prismatic arrangement. As these crystals have a 
peculiar relation to those in the preceding list, I shall enumerate the most im- 
portant of them in the following table; that is, those in which the powder has 
been dragged into transparent and continuous streaks and lines, resembling exter- 
nally portions of a solid body; for it is only by a comparison of the physical, or 
perhaps the chemical qualities of the two classes of bodies, that we can expect to 
explain the new property which is possessed only by one of them. 


Hydrate of potash, pure. Soda, acetate of. 

Indigotie acid. Mercury, prussiate of. 

Urea. muriate of. 

Citric acid. ... Sulphuret of. 

Silver, nitrate of. Barytes, acetate of. 

Meconine. Zinc, chromate of. 

Napthaline. | ... sulphate of. 

Soda, nitrate of. Cobalt, sulphate of. 

Potash and copper, sulphate of. Magnesia and soda, sulphate of. 
Soda, phosphate of. | Borax. . 


As both compression and traction are necessary in producing the transparent 
streaks and lines in both classes of the substances I have enumerated, it became 
interesting to ascertain what effect was produced by each of these forces acting 
separately, and which of them was chiefly influential in developing the doubly 
refracting arrangement exhibited by the substances that possessed it. 

The force of compression was undoubtedly the agent in forcing the separate 
particles into optical contact, while that of traction drew them into a line, and 
tended to dilate the film in the direction of that line, and to draw its particles 
from each other; or overcome their attraction of aggregation in that direction. It 
is quite possible, too, that these forces may have exercised some influence in 
modifying the doubly refracting structure of the substance under examination ; 
but as such a question has no bearing upon our present subject, I have not at- 
tempted its solution. 
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Without expecting any very interesting result, I submitted to examination 
several of the soft solids which possess double refraction, such as bees’ waz, oil of 
mace, tallow, and almond soap. The last of these substances, though in common 
use, is a very remarkable one. Owing to its particlés not being in optical contact, 
it has a fine pearly lustre, and may be drawn out into long and slender strings. 
Upon laying a portion of it on glass, it has a quaquaversus polarising structure, 
with a tendency to form circular crystals, but when it is drawn out into strings, 

and laid upon glass, these strings have neutral and depolarising axes, like the 
streaks formed by compression and traction. In the present case, it is by traction 
alone, that this crystalline arrangement of the particles is produced. 

In oil of mace and tallow, a similar effect is produced by compression and 
traction. With bees’ waz, the depolarising lines are still better displayed, and the 
effect is considerably increased by mixing the bees’ wax with a small quantity 
of rosin. 

As the preceding experiments place it beyond a doubt, that the optical or 
crystallographic axes of a number of minute particles are dragged by pressure 
and traction into the same direction, so as to act upon light like regular crystals, 
it became interesting to discover the cause of phenomena which certainly could 
not have been anticipated from any theoretical principle with which we are 
acquainted. The primary force, and indeed the only apparent one exerted in 
these experiments, is a mechanical force; but it is not improbable that a secondary 
force, namely, that of electricity, may be generated by the friction which accom- 
panies the forces of pressure and traction. That such a force is excited with 
certain crystals will not admit of a doubt; but even if it were developed in every 
case, this would not prove that electricity was the agent in producing the pheno- 
mena under consideration. In subjecting asparagine to compression and traction, 
I observed, upon placing it in the polarising microscope, that its particles were 
moving about under an electrical influence, but in no other case did the same 
phenomenon present itself to me. 

The experiments with soft solids, but especially those made with the almond 
soap, exclude the supposition that the electricity of friction is the cause of the 
crystalline arrangement of its particles; though it is not improbable that the 
sliding of the particles upon one another, as produced by traction, and their 
mutual separation, as in the case of tearing asunder mica or paper, may produce 
enough of electricity to have some share in giving the same direction to the axes 
of the particles. 

When a portion of almond soap is seal upon glass, the axes of its particles 
lie in every direction, and have no tendency to assume the crystalline arrange- 
ment. The forces of aggregation emanating from three rectangular axes, are not 
strong enough to overcome the inertia, as we may call it, arising from the natural 
quaquaversus adhesiveness of the substance, and from the water interposed be- 
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tween its particles; but when the portion of soap is drawn out into a thread, 
these resistances to crystalline arrangement are diminished; elementary prisms, 
or crystals whose length is greater than their breadth, will have a tendency to 
place their greatest length in the line of traction, and all lateral obstruction 
to the play of its natural polarities being to a great extent removed, when the 
substance is drawn into 4 capillary thread the molecules will have free scope to 
assume their natural crystalline arrangement. 

The application of these views to the powders and particles of hard crystals, 
is not so readily apprehended; but when we consider that the pressure brings 
the molecules of the substance within the sphere of their polarities, and that the 
force of traction reduces the compressed film into separate streaks and lines, like 
the threads of the almond soap, we have reason to conclude, that even in hard 
substances the atoms, when released from their lateral adhesions, and brought 
into narrow lines, will assume the crystalline arrangement. 

In the course of these experiments, I have observed, in some cases where the 
crystalline arrangement was very imperfectly effected, a tendency in the atoms to 
quit their position, as if they were in a state of unnatural constraint, like the par- 
ticles of silex and manganese in certain kinds of glass which experience a slow de- 
composition. If this should prove to be the case, either partially or generally, 
which time only can shew, it will doubtless arise from the non-homologous sides 
of the elementary atoms having come into contact, a condition of the crystalline 
lines perfectly compatible with the existence of neutral and depolarising axes, 
and of the colours of polarised light, provided that the non-homologous sides 
in contact deviate from their proper position, either 90° or 180°. If we cut a plate 
of mica, for example, into two pieces, and combine them by turning one of them 
round 90° or 180°, polarised light transmitted through them perpendicularly, will 
exhibit the same colours as when they were in their natural position, and also 
the same neutral and depolarising axes. If the polarised light is transmitted 
obliquely, the hemitropism of the combination, as we may call it, will be in- 
stantly discovered by the difference of colour of the two plates. 


Sr Leonargp’s CoLLEoe, St ANDREWS, 
February 25, 1853. 
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XXXIX.—On the Absolute Zero of the Perfect Gas Thermometer ; being a Note to a 


Paper on the Mechanical Action of Heat. By WIL HAM Jonx Macquorn RANKINE, 
C. E., F. R. S. E., F.R.S.S.A., &c. 


(Read January 4, 1853.) 


Temperature being measured by the pressure of a perfect gas at constant 
density, the absolute zero of temperature is that point on the thermometric scale 
at which, if it were possible to maintain a perfect gas at so low a temperature, 
the pressure would be null. 

The position of this point is of great importance, both theoretically and prac- 
tically; for by reckoning temperatures from it, the laws of phenomena depending 
on heat are reduced to a more simple form than they are when any other zero is 
adopted. 

As we cannot obtain any substance in the perfectly gaseous condition (that is 
to say, entirely devoid of cohesion), we cannot determine the position of the abso- 
lute thermometric zero by direct experiment, which furnishes us with approxi- 
mate positions only. Those approximate positions are always too high: because 
the effect of cohesion is to make the pressure of a gas diminish more rapidly with 
a diminution of temperature, than if it were devoid of cohesion. 

As a gas is rarefied, the cohesion of its particles diminishes, not only in absolute 
amount, but also in the proportion which it bears to the pressure due to heat. 

The gas, therefore, approaches more and more nearly to the stateo f a perfect gas 
as its density diminishes; and from a series of experiments on the rate of increase 
of its elasticity with temperature, at progressively diminishing densities, may be 
calculated the positions of a series of points on the thermometric scale, approach- 
ing more and more nearly to the true absolute zero. | 

By observing the law which those successive eee eyed follow, the true 
position of the absolute zero can be determined. 

Having performed this operation by means of a graphic process, soon after the 
publication of the experiments of M. Recnavu it on the elasticity and expansion 
of gases, I stated the result in a paper on the Elasticity of Vapours (Edinburgh 
New Philosophical Journal, July 1849), and also in a paper on the Mechanical 
Action of Heat (Trans. Royal Soc. Edin, vol. xx., Part 1), viz., that the absolute 
zero is 

274°6 centi degrees, 3 


or 462:28 degrees below the ordinary zero of FAHRENHEIT'S scale. 
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To enable others to judge of the accuracy of this result, I shall now explain 
the method by which it was obtained, annexing a copy of the diagram used. 

Let E denote the mean rate of increase, per degree, between the freezing and 
boiling points, of the pressure of a * whose volume is maintained constant. 


Then the reciprocal of this coefficient, 1 is an approximation to the number of 


degrees below the freezing point, at which the absolute zero is situated. 

The experimental data in the following table were copied from the memoirs 
of M. RxONAUL T on the Expansion of Gases. The numbers in the first column 
designate the series of experiments. The second column contains the pressures 
of the gases at the freezing point. The third column contains the mean coefficients 
of increase of pressure per centigrade degree, between 0° and 100 centigrade. 
The fourth column contains the reciprocals of those coefficients, with the negative 
sign, being approximate positions of the absolute zero, in centigrade degrees, below 


the temperature of melting ice. The gases — were 3 air and 
carbonic acid. 


Pressure at Coefficient of in- ti 
No, | 0 Centigrade | crease of Elasticity 25 — absolute — 
0. with Ter ' Centigrade degrees 


CARBONIC ACID. 


1. 0-9980 | 0-0036856 —271˙33 
2. 1.1857 0 0036943 27063 
3. 22931 00037523 —266˙50 
4. 47225 ö 00038598 — 259-08 


ATMOSPHERIC AIR. 


1.| 0-1444 000364632 274-11 
2. 02294 | 0-0036513 — 273-88 
3. 03501 0-0036542 —273˙66 
4. 0-4930 00036867 —273˙32 
5. 04937 00036572 —273-43 
6. 1.0000 | 0-0036650 —272˙85 
7. 22084 00036760 —272˙03 
6. 22270 | 00036800 —271˙74 
9. 28213 00036894 —271˙06 

10. 48100 00037091 —269°61 
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The approximate positions of the absolutezero contained in this table were 
laid down on the diagram, in which they are marked by crosses. The longitudinal 
divisions represent centigrade degrees divided into tenths; the transverse divisions, 
atmospheres of pressure at 0° centigrade, also divided into tenths. The positions 
of the crosses indicate at once the pressures in the second column of the table, and 
the approximate zeros in the fourth; and the numbers affixed to them correspond 
with those in the first column. : 

As the effect of cohesion is greater, and more easily eliminated, in carbonic 
acid gas than in atmospheric air, the determination of the true absolute zero was 


made from the experiments on the former gas. It will be observed that the ap- 


proximate positions of the absolute zero for carbonic acid lie nearly in a straight 
line. A straight line (dotted in the diagram) having been drawn so that it should 
as nearly as possible traverse them, was found to intersect the line corresponding 
to the zero of pressure, that is, to the state of perfect gas, at a point on the scale 
of temperatures 274°6 centigrade degrees below the temperature of melting ice ; 
which point was accordingly taken as the true absolute zero of the perfect gas 
thermometer. 

So far as their irregularity permits, the experiments on atmospheric air con- 
firm this result, for the approximate positions of the absolute zero deduced from 
them, evidently tend towards the very same point on the diagram with those 
deduced from the experiments on carbonic acid. 

The values of the coefficient of dilatation and of increase of pressure, of a per- 
fect gas, per degree, in fractions of its volume and pressure, at the temperature of 
melting ice, are accordingly,— 


For the Centigrade Seale 274 000864166 


For FAHRENHEIT’s Scale = 0-00202314 
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XI. On the Mechanical Action of Heat. By WIA Jonx Macquorn RANKINE, 
Civil Engineer, F.R.S.E., F. R. S. S.A., &c. 


(Read January 17, 1853.) 


Section VI.—A Review oF THE FUNDAMENTAL PRINCIPLES OF THE MECHANICAL 
THEORY OF HEAT; WITH REMARKS ON THE THERMIC PHENOMENA OF CURRENTS 
or E.astic FLums, AS ILLUSTRATING THOSE PRINCIPLES. 


(Article 46.) I have been induced to write this Section, in continuation of a 
paper on the Mechanical Action of Heat, by the publication (in the Philosophical 
Magazine for December 1852, Supplementary Number) of a series of experiments 
by Mr Jour and Professor WILLIAM THomson, on the Thermal Effects expe- 
rienced by Air in rushing through small Apertures. Although those authors 
express an intention to continue the experiments on a large scale, so as to obtain 
more precise results; yet the results already obtained are sufficient to constitute 
the first step towards the experimental determination of that most important 
function in the theory of the mechanical action of heat, which has received the 
name of Carnot’s Function. 

By the theoretical investigations of Messrs CLausius and Taomson,—which are 
based simply on the fact of the convertibility of heat and mechanical power, 
the determination of their relative value by Mr Joux, and the properties of the 
function called temperature, without any definite supposition as to the nature of 
heat,—Carnor’s function is left wholly indeterminate. | 

By the investigations contained in the previous sections of this paper, and in 
a paper on the Centrifugal Theory of Elasticity,—in which the supposition is made, 
that heat consists in the revolutions of what are called Molecular Vortices, so 
that the elasticity arising from heat is in fact centrifugal force,—a form is assigned 
to Carnot’s function; but its numerical values are left to be ascertained by expe- 
riment. 

The recent experiments of Messrs JouLe and Tnonusox serve (so far as the 
degree of precision of their results permits) at once to determine numerical values 
of Carnot’s function for use in practice, and to test the accuracy with which 
the phenomena of heat are represented by the consequences of the hypothesis 
of molecular vortices, from which the investigation in this paper sets out. 

VOL. XX. PART IV. 70 


566 MR W. J. M. RANKINE ON THE 


Sus-SEcTION 1.—Properties of Expansive Heat. 


(47.) To shew more clearly the nature of the questions, towards the decision 
of which these experiments are a step, I shall now briefly review the fundamental 
principles of the theory of heat, and the reasoning on which they are based ; and the 
object of this being illustration rather than research, I shall use algebraical symbols 
no farther than is absolutely necessary to brevity and clearness, and shall follow 
an order of investigation, which, though the same in its results with that pursued 
in the previous sections of this paper, is different in arrangement. | 

By a mind which admits as an axiom, that, in the present order of things, 
physical power cannot be annihilated, nor produced out of nothing, the law of the 
mutual convertibility of heat and motive power must be viewed as a necessary 
corollary from this axiom, and Mr JouLe’s experiments, as the means of deter- 
mining the relative numerical value of those two forms of power. By a mind 
which does not admit the necessity of the axiom, these experiments must be 
viewed also as the proof of the law. 

This law was virtually, though not expressly, admitted by those who intro- 
duced the term Latent Heat into scientific language; for when divested of ideas 
connected with the hypothesis of a subtle fluid of caloric, and regarded simply as 
the expression of a fast, this term denotes heat which has disappeared during 
the appearance of expansive power in a mass of matter, and which may be made 
to reappear by the expenditure of an equal amount of compressive power. 

(48.) Without for the present framing any mechanical hypothesis as to the 
nature of heat, let us conceive that unity of weight of any substance, occupying 
the bulk V under the pressure P, and possessing the absolute quantity of thermo- 
metric heat whose mechanical equivalent is Q, undergoes the indefinitely small 
increase of volume d V; and let us investigate how much heat becomes latent, or 
is converted into expatisi\c« power, during this process; the thermometric heat 
being maintained constant, so that the heat which disappears must be supplied 
from some external source. 

During the expansion d V, the body, by its elastic pressure P, exerts the me- 
chanical power Pd V. Part of this power is produced by molecular attractions 
and repulsions; and although this part may be modified by the influence of heat 
upon the distribution of the particles of the body, it is not the direct effect of 
heat. The remainder must be considered as directly caused by the, heat pos- 
sessed by the body, of which the pressure P is a function; and to this portion of 
the power developed, the heat which disappears during the expansion must be 
equivalent. 

To determine the portion of the mechanical power Pd V which is the effect of 
heat, let the total heat of the body, Q, be now supposed to vary by an indefinitely 
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wii quantity dQ. Then the mechanical power of expansion Pd V will vary 
by the indefinitely small quantity 


dQ x 70 av 
This is the development of power for the expansion d V, caused by each indefi- 
nitely small portion dQ of the total heat possessed by the body; and conse- 
quently, the whole mechanical power for the expansion d V due to the whole heat 
possessed by the body G. is expressed as follows: 


and this is the equivalent of the heat transformed into mechanical power, or the 
latent heat of expansion of unity of weight, for the small increment of volume 
dV, at the volume V and total heat Q. 
Now a part only of this power, viz.— 
Pd V 

is visible mechanical energy, expended in producing velocity in the expanding 
body itself, or in overcoming the resistance of the bodies which enclose it. The 
remainder 


( 7) av 


is therefore expended in overcoming molecular attraction. 

Molecular attraction depends on the density and distribution of the particles 
of the body; and is consequently a function of the volume and total heat of unitʒ 
of weight. It is therefore possible to find a potential S, being a function of V and 
Q, of such a nature, that the difference between its two values 

8. — 8, 
corresponding n to two sets of values of the volume and total heat 
(V,, Q, and V., Q,), shall represent the power which is the equivalent of the heat 
consumed in overcoming molecular attraction, during the passage of the body 
from the volume V, and heat Q, to the volume V, and heat Q,. The form of the 
expression (68) shews that this potential has the following property: 


The integration of which partial differential equation gives the following value 
for the potential of molecular action :— 


9% being some unknown function of the heat only, and the integral being taken 
as if the heat Q were constant. 
The heat which disappears in overcoming molecular action, during a small 


— 


— 
— 
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increase of total heat dQ, while the volume remains constant, is expressed as 
follows :— 


the heat Q being treated as a constant in the integration. 
If we now investigate the entire quantity of heat, both sensible and latent, 


which is consumed by a body during a simultaneous small change of total heat 
dQ and volume d V, we find the following results :— 


Sensible heat (which retains its condition) . . . . =dQ 
Latent heat, or heat which disappears in overcoming 
molecular action 70 dQ + av 
Latent heat equivalent to the visible mechanical effect Pd 
The amount being 


40) ag+ (4 


704 


This formula expresses completely the relations between heat, molecular 
action, and expansion, in all those cases in which the expansive power developed. 


2) 


Pd V, is entirely communicated to the bodies enclosing the substance which ex- 


pands. 
(49.) The following coefficients are contained in, or deducible from it. 
The ratio of the cogs heat at constant volume to the real specific heat: 


Ky, 
The coefficient of latent heat of at constant lieat 
S8 


The ratio of the specific heat at constant pressure to the real specific heat is 
found as follows. To have the pressure constant, we must have 


aP 
155 


4 


40 dQ + 40 


consequently the ratio in 3 is 


2 
dV 


650 


| oh | 
| 
| 
| 
| 
| 
| 
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(50.) In order to investigate the laws according to which heat is converted 
into mechanical power, in a machine working by the expansion of an elastic body, 
it will be convenient to use a function 


140 dV (const.) 


of such a nature that the difference between two of its values, corresponding to dif- 
ferent volumes of the body at the same total heat, represents the ratio of the heat 
converted into power by expansion between those volumes, to the given constant 
total heat. I shall call this function a heat potential. 

Introducing this function into Equation 72, we find, for the total heat con- 
sumed by a body during the increase of total heat dQ, and the expansion d V. 


(observing that d. 40% Fy av.) 20% 


Let us now suppose that the body changes its volume without either losing 
or gaining heat by conduction. This condition is expressed by the equation 
0=(1+¢’.Q)dQ+Qd.F 
from which we deduce the following, 


which expresses the following theorem :— 

When the quantity of heat in a body is varied by variation of volume only, the 
variation of the heat-potential depends on the heat only, and is independent of the 
colume. 

In order that a machine working by the expansive power of heat may produce 
its greatest effect, all the heat communicated from external bodies should be em- 
ployed in producing expansive power, and none in producing variations of the 
quantity of heat in the body; for heat employed for the latter purpose would be 
wasted, so far as the production of visible motion is concerned. To effect this, 
the body must receive heat by conduction, and convert it into expansive power, 
while containing a certain constant quantity of heat Q,; give out by conduction 
heat produced by compression, while containing a smaller constant quantity of 
heat Q,; and change between those two quantities of thermometric heat by 
means of changes of volume only, without conduction. For this purpose a cycle 
of operations must be * similar to that described by Carnot; as fol- 
lows:— 

(I.) Let F, be the initial value of the heat- potential; let the body expand at 
the constant heat Q., till the heat- potential becomes F,. Then the heat received 
and converted into expansive power is 

H,=Q, F.) 
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(II.) Let the body further expand without receiving or emitting heat, till the 
quantity of heat in it falls toQ,; the heat-potential varying according to Equation 
77, and becoming at length F.. The heat converted into expansive power in this 
operation is 

Q, 


(III.) Let the body be compressed, at the constant heat Q, till the heat-poten- 
tial becomes F,; a quantity differing from the initial heat-potential F, by as much 
as F, differs from F.. In this operation the following amount of power is recon- 

-verted into heat, and given out by conduction :— 


H,=Q, (Fe- F,.) 
(IV.) Let the body be further compressed, till the heat- potential returns to F, 
its original value. Then, by the power expended in this compression alone, with- 


out the aid of conduction, the total heat of the body will be restored to its original 
amount, exactly reversing the operation II. 


At the end of this cycle of operations, the following quantity of heat will have 
been conyerted into mechanical power: 


H. —H,=Q, (Fe- F.,) — C. (Fe- Fe) 
but it is obvious that the difference between the heat- potentials is the same in 
the first and third operations; therefore, the useful effect is simply 


H, H, a) (F. F.) 
while the whole heat expended is, . 


H,=Q, (Fa- F.) 


Hence, the ratio of the heat converted into mechanical effect, in an expan- 
sive machine working to the greatest advantage, to the whole heat expended, is the 
same with that which the difference betiveen the quantities of heat possessed by the 
expansive body during the operations of receiving and emitting heat, respectively, 
bears to the quantity of heat possessed by it during the operation of receiving heat ; 
and is independent of the nature and condition of the body. 

This theorem is thus expressed symbolically,— 

eat Expended 

(51.) When a body expands without meeting with resistance, so that all its 
expansive power is expended in giving velocity to its own particles, and when 
that velocity is ultimately extinguished by friction, then a quantity of heat equi- 
valent to the expansive power is reproduced. 

The heat consumed is expressed by taking away the term representing the 
expansive power, Pd V, from the expression 72, the remainder of which consists 
merely of the variation of actual heat, and the heat expended in overcoming 
molecular attraction, viz.— 
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+ (E -r) av. 
This expression is a complete differential, and may be written thus :— 
d(Q+8)=4 { Q+9(@ + 
(Q being treated as a constant in performing the integration / Pd V. 


Its integral, Q+S, the sum of the heat of the body, and of the potential of its 
molecular actions, is the same quantity which I have denoted by the symbol ¥ 
in the 10th article of a paper on the Centrifugal Theory of Elasticity, and whose 
differences are there stated to represent the total amount of power which must 
be exercised on a body, whether in the form of expansive or compressive power, 
or in that of heat, to make it pass from one volume and temperature to another. 
This integral corresponds also to the function treated of by Professor WILLIAM 
Tomson in the fifth part of his paper on the Dynamical Theory of Heat, under 
the name of “ Total Mechanical Energy.” 

(52.) We have now obtained a system of formulæ, expressing all the relations 
between heat and expansive power, analogous to those deduced from a considera- 
tion of the properties of temperature, by Messrs CLausivus and THomson, and from 
the Hypothesis of Molecular Vortices in the previous sections of this paper; but, 
in the present section, both the theorems and the investigations are distinguished 
from former researches by this circumstance;—that they are independent, not only 
of any hypothesis respecting the constitution of matter, but of the properties, 
and even of the existence, of such a function as Temperature; being, in fact, 
simply the necessary consequences of the following 


DEFINITION OF EXPANSIVE HEAT. 


Let the term Expansive Heat be used to denote a kind of Physical Energy con- 
vertible with, and measurable by, equivalent quantities of Mechanical Power, and 
augmenting the Expansive Elasticity of matter, in which it is present. 

(52 A.) It is further to be remarked, that the theorems and formule in the pre- 
ceding articles of this section are applicable, not only to heat and expansive power, 
but to any two directly convertible forms of physical energy, one of which is 
actual, and the other potential. They are, in fact, the principles of the conversion 
of energy in the abstract, when interpreted according to the following definitions 
of the symbols. 

Let Q denote the quantity of a form of actual physical energy present in a 
given body ; 


| 
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V, a measurable state, condition, or mode of existence of the body, whose 
tendency to increase is represented by | 

P, a force, depending on the condition V, the energy Q, and permanent pro- 
perties of the body ; so that | 

Pd V is the increment of a form of potential energy, corresponding to a 
small increment d V of the condition V. 

Let dS be the quantity whereby the increment of potential energy Pd v 
falls short of the quantity of actual energy of the form Q, which is converted 
into the potential form, by the change of condition d V. 

Then, as in Equation 69 

d§ dP 
an equation from which all those in the previous articles are deducible, and which 
comprehends the whole theory of the mutual conversion of the actual form of 


energy Q, and the potential form f Pd V, whatsoever those forms may be, when 


no other form of energy interferes. The application of these principles to any 
form or any number of forms of actual and potential energy, is the subject of a 
paper read to the Philosophical Society of Glasgow, on the 5th January 1853, and 
published in the Philosophical Magazine for February 1853. 


Sus-SEcTION 2.—Properties of Temperature. 


(53.) Still abstaining from the assumption of any mechanical hypothesis, 
let us proceed a step beyond the investigation of the foregoing articles, and in- 
troduce the consideration of temperature; that is to say, of an arbitrary function 
increasing with heat, and having the following properties. 


Definition of Equal Temperatures. 
Two portions of matter are said to have equal temperatures, when neither 
tends to communicate heat to the other. 


Corollary. 


All bodies absolutely destitute of heat have equal temperatures. 
The ratio of the real specific heats of two substances, is that of the quantities 
of heat which equal weights of them possess at the same temperature. 


Theorem. 


The ratio of the real specific heats of any pair of substances, is the same at all 
temperatures. 
For, suppose equal weights of a pair of homogeneous substances to be in con- 
tact, containing heat in such proportions as to be in equilibrio. Then, let additional 
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portions of each substance, of equal weight, and destitute of heat, be added to the 
original masses ; so that the quantities of heat in unity of weight may be dimi- 
nished in each substance, but may continue to be in the same ratio. Then, if the 
equality of temperature do not continue, portions of heat which were in equilibrio 
must have lost that equilibrium, merely by being transferred to other particles of 
a pair of homogeneous substances, which is absurd. Therefore, the temperatures 
continue equal. 

It follows, that the quantity of heat in unity of weight of a substance at a 
given temperature, may be expressed by the product of a quantity depending on 
the nature of the substance, and independent of the temperature, multiplied by a 
function of the temperature, which is the same for all substances. 

Let + denote the temperature of a body according to the scale adopted; «, the 
position, on the same scale, of the temperature corresponding to absolute privation 
of heat; k, a quantity depending on the nature of the substance, and independent 
of temperature. Then the quantity of heat in unity of weight may be expressed 
as follows:— 

(54.) If we introduce this notation into the formula (79) which expresses the 

proportion of the total heat expended, which is converted into useful power by an 

expansive machine working to the best advantage, the quantity k, peculiar to the 

substance employed, disappears, and we obtain Carnot’s THEOREM, as modified by 

Messrs Ciausius and Tnousox, viz.,—that this ratio is a function solely of the 

temperatures at which heat is received and emitted respectively, and is indepen- 
dent of the nature of the substance; or symbolically, 

Effect — 11 7 

(55.) Let us now apply the same notation to the formula (67) for the latent 
heat of a small expansion d V at constant heat, viz:— 


we have evidently 


and consequently, the heat which disappears by the expansion d V is 

dP P 

from which formula the specific quantity k has disappeared. 
Now, in the notation of Professor Taomson we have 
| 
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where J is Joute’s equivalent, and u a function of the temperature, the same for 
all substances, to be determined empirically ; and consequently, 


hyp. log. G. 


1776 
ane Q=k (Y. e 8 


These expressions will be recognised by those who have studied Professor Tnou- 
sox's papers on the Dynamical Theory of Heat. By introducing the value given 
above of the quantity of heat in unity of weight, into the formule of the preceding 
articles of this section, they are at once transformed to those of Professor 
Tomson, and in particular, the formulz 79 and 82 become the following: 


* Effect of Machine e 
Heat Expended 210 (85.) 


6e 


Sus-SECTION 3.—On the Hypothesis of Molecular Vortices. 


(56.) The use of a Mechanical Hypothesis in the Theory of Heat, as in other 
branches of physics, is to render it a branch of Mechanics, the only complete phy- 
sical science; and to deduce its principles from the laws of Force and Motion, 
which are better understood than those of any other phenomena. 

The results of the investigations in the preceding part of this section are con- 
sistent alike with all conceivable hypotheses which ascribe the phenomena of 
heat to invisible motions amongst the particles of bodies. 

Those investigations, however, leave undetermined the relation between tem- 
perature and quantity of heat, except in so far as they shew that it must follow 
the same law of variation in all substances. : 

By adopting a definite hypothesis, we are conducted to a definite relation be- 
tween temperature and quantity of heat; which, being introduced into the formule, 
leads to specific results respecting the phenomena of the mutual transformation 
of heat and visible mechanical power; and those results, being compared with 
experiment, furnish a test of the soundness of the hypothesis. | 

Thus the hypothesis of Molecular Vortices, which forms the basis of the in- 
vestigations in the first five sections of this paper, and in a paper on the Centri- 
fugal Theory of Elasticity, leads to the conclusion, that, if temperature be mea- 


* It is to be observed, that in Professor Tuomson’s notation, heat is supposed to be measured 
by an arbitrary unit, whose ratio to a unit of mechanical power is denoted by J; while in this paper, 
the same unit is employed in expressing quantities of heat and of mechanical power. 
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sured by the expansion of a perfect gas, the total quantity of heat in a body is 
simply proportional to the elevation of its temperature above the temperature of 
absolute privation of heat; or, in the notation of the preceding article, 
17 17, . 1, and 
k being the real specific heat of the body. 

If this value be substituted for the quantity of heat Q, in all the formula, 
from 67 to 80 inclusive, which are founded simply on the definition of expansive 
heat, it reproduces all the formule which, in this and the other paper referred to, 
have been deduced directly from the hypothesis. In the sequel I shall apply one 
of these formule to the calculation, from the experiments of Professor THomson 
and Mr Joute on the heating of currents of air by friction, of approximate values 
of the absolute temperature corresponding to total privation of heat, that the 
mutual consistency of those values may serve as a test of the soundness of the 
hypothesis, and the accuracy of the formule deduced from it. 

(57.) Before proceeding further, it may be desirable to point out how far this 
hypothesis agrees with, and how far it differs from, that proposed by Mr HEA“ 
paTH and Mr Warknsrox, which supposes bodies to consist of extremely small and 
perfectly elastic particles, which fly about in all directions with a velocity whose 
half-square is the mechanica) equivalent of the heat possessed by unity of weight, 
and are prevented from dispersing by their collisions with each other and with 
the particles of surrounding bodies. Let v be the velocity of motion, then 


25 


represents the heat possessed by unity of weight, expressed in terms of the force 
of gravity. 

The expansive pressure due to such motions is found by conceiving a hard. 
perfectly elastic plane of the area unity to be opposed to the collision of the par- 
ticles, and calculating the pressure which would be required to maintain its posi- 
tion against them. If all the particles were to strike and rebound from such a 
plane at right angles, the pressure would be represented thus: . 

where V is the volume which contains so many particles as amount to unity of 
weight. But the particles are supposed to fly in equal numbers in all directions. 
Then if 6 denote the angle of incidence on the plane 


sin 0d 6 = sin 0d 9 


represents the proportion of the whole particles which fly in those directions 
which make the angle 6 with the normal to the plane. Of this proportion, again, 


— 
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the fraction cos 6 only strikes the plane; while the force of the blow also is less 
than that of a normal blow in the ratio cos@: 1. Hence the mean force of col- 


lision is 
cos? sin 0.0 =} 
0 3 


of the force of a perpendicular collision; so that the expansive pressure is repre- 
sented by 


Hence, according to this hypothesis, we should have for a perfect gas 
PV =5Q 


or the product of the pressure and volume of a mass of a perfect gas equal to two- 
thirds of the mechanical equivalent of its total heat. 

It is known, however, that the product of the pressure and volume of a mass 
of sensibly perfect gas is only about four-tenths of the equivalent of its total heat. 
The hypothesis, therefore, requires modification. 

By supposing the particles to attract each other, or to be of appreciable bulk 
compared with the distances between them, the ratio in question is diminished ; 
but either of these suppositions is inconsistent with the perfectly gaseous con- 
dition. 

It appears to me, that, besides this difficulty connected with the gaseous con- 
dition, there exists also great difficulty in conceiving how the hypothesis can be 
applied to the solid condition, in which the particles preserve definite arrange- 
ments. The limited amount of time and attention, however, which I have 
hitherto bestowed on this hypothesis, is not sufficient to entitle me to pronounce 
whether these difficulties admit of a solution. 

(58.) The idea of ascribing expansive elasticity to the centrifugal force of 
vortices or eddies in elastic atmospheres surrounding nuclei of atoms, originated 
with Sir Humpnry Davy. ‘The peculiarity of the view of the hypothesis taken 
in this paper consists in the function ascribed to the nuclei or central physical 
points of the atoms, which, besides retaining the atmospheres round them by 
their attraction, are supposed, by their actions on each other, to constitute the 
medium which transmits radiant heat and light; so that heat is radiant or ther- 
mometric, according as it affects the nuclei or their atmospheres. 

In this form the hypothesis of Molecular Vortices is not a mere special suppo- 
sition, to elucidate the theory of expansive heat, but becomes connected with the 
theory of the elasticity of matter in all conditions, from solid to gaseous, and 
with that of the transmission of radiations. _ | 

I have already investigated mathematically the consequences of this hypo- 
thesis by two different processes, which are necessarily somewhat complicated. 


1 2 
| 
| 
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When the question, however, is confined to the relations between tempera- 
tures and quantities of heat, a more simple process may be followed, analogous to 
that which has been applied in the preceding article to the hypothesis of Mole- 
cular Collisions. 

If a mass of elastic fluid, so much rarefied that the effect of molecular attrac- 
tion is insensible, be entirely filled with vortices, eddies, or circulating currents of 
any size and figure, so that every particle moves with the common velocity w, 
then, if the planes of revolution of these eddies be uniformly distributed in all 
possible positions, it follows, from reasoning precisely similar to that employed in 
the preceding article, that the pressure exerted by the fluid against a plane, in 
consequence of the centrifugal force of the eddies, has the following value in 

8 9 . \ 
or two-thirds of the hydrostatic pressure due to the velocity of the eddies w; 
V being, as before, the volume occupied by unity of weight. 

It is, however, reasonable to suppose, that the motion of the particles of atomic 
atmospheres does not consist merely in circulating currents; but that those cur- 
rents are accompanied with a certain proportionate amount of vibration,—a kind 
of motion which does not produce centrifugal force. To these we have to add 
the oscillations of the atomic nuclei, in order to obtain the mechanical equivalent 


of the whole molecular motions; which is thus found to be expressed for unity 
of weight by 


k being a specific coefficient. Hence it follows (denoting * by N), that the ex- 


pansive pressure due to molecular motions in a perfect gas, is equal to the mecha- 


nical equivalent of those motions in unity of volume multiplied by a specific 
constant 
N. 2 


˙ 
The coefficient N has to be determined by experiment; its value for atmo- 
spheric air is known to be between 0°4 and 0°41. 
In order to account for the transmission of pressure throughout the molecular 


atmospheres, it is necessary to suppose them possessed of a certain amount of 
inherent elasticity, however small, varying proportionally. to density, and inde- 
pendent of heat. Let this be represented by 


h 


* 
then 


is the total pressure of a perfect gas. 
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Equilibrium of heat and pressure between portions of two different perfect 
gases in contact requires that the pressures independent of heat, and the pres- 
sures caused by heat, shall separately be in equilibrio. Let the suffixes @ and } 
be used to distinguish quantities relative to two different substances in the per- 
fectly gaseous condition. Then the first condition of equilibrium is expressed as 


follows :— 


that is to say, the densities of two perfect gases in equilibrio are inversely propor- 
tional to the coefficients of elasticity of their atomic atmospheres. 
The second condition is expressed as follows :— 


which, being taken in connection with the first condition, gives 


* 
οο 
Now by Equation 90, we have | 
ES. 1 
| 
Hence the condition of equilibrium of heat between two perfect gases is 


(=) (a) = 
consequently, temperature may be measured by the product of the pressure and ro- 
lume of a perfect gas, divided by a coefficient, which is proportional to the volume of 
the gas at a standard pressure and temperature. | 

Temperatures thus measured are reckoned from the point known as the zero 
of gaseous tension, or absolute zero of a perfect gas thermometer, 27476 centigrade 
below the temperature of melting ice. 

Let V, denote the volume of unity of weight of a perfect gas, at a standard 


pressure P., and absolute temperature ; then any other absolute temperature 
has the following value :-— | 


while the absolute temperature of total privation of heat is 
h 


Hence it appears that quantity of heat in unity of weight bears the following 
relation to temperature,— 


a- 


| 

| 

— 

— 

| 

| 

— 
| 

| 

| | 
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in which, if we substitute the symbol of real specific heat, 


we obtain the formula already given (86) for the relation between heat and tem- 


* 


(59.) The introduction of the value given above of the quantity of heat in 
terms of temperature, into the formula 67, gives for the latent heat of a an 
expansion d V at constant vr 


The formulze 79 and 82, for the proportion of heat rendered available by an 
expansive engine working to the greatest advantage, becomes 


or the ratio of the difference between the temperatures of receiving and emitting 
heat, to the elevation of the former temperature above that of total privation of heat. 
This is the law already arrived at by a different process in Section V. of this 
paper. 

When the same substitution is made in Equation 80, which represents the 
total energy, whether as heat or as compressive power, which must be applied to 
unity of weight of a substance to produce given changes of heat and volume, the 
following result is obtained :— 


4. J = av \ar 
+{ & - P dV 


As it cannot be simplified, it is unnecessary here to recapitulate the investi- 
gation, which leads to the conclusion that the functions (7) and f’ (r) have the 
following values :— 


N (hyp. log. 7 + — 


We have thus reproduced Equation 26 of the paper formerly referred to, on the 
Centrifugal Theory of Elasticity. 

The coefficient of the variation of temperature in the first form of Equation 99 
is the specific heat of the substance at constant volume. Denoting this by Ky, 
the formula becomes | 


* See Appendix, Note A. 


= 
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Sus-SEctTion 4. Thermic Phenomena of Currents of Elastic Fluids. 


(60.) When a gas previously compressed is allowed to escape through small 
apertures, as in the experiments of Mr Joute and Professor THomson, and has 
its velocity destroyed entirely by the mutual friction of its particles, without im- 
pediment from any other substance, and without conduction of heat to or from 
any other substance; then its condition is expressed by making 


d¥=0 


If we assume (as is really the case in the experiments) that the specific heat 
of the gas at constant volume does not sensibly vary within the limits of the 
experiments as to temperature and volume, so that Ky is sensibly constant, and 
also that the variation of temperature is very small as compared with the absolute 
temperatures, then we have the ae approximate integral :— 


which represents the as effect of an expansion from the volume V, to the 
volume V.. 

If it were possible to obtain any substance in the state of perfect gas to be 
used in experiments of this kind, the first integral in the above expression would 
disappear, because, for a perfect gas, 

dP P 

and as the other term is negative, the result would be a slight heating effect. As 
no gas, however, is perfect, and as 75 always exceeds A the mode of reducing 


the experimental data is to calculate the value of the first term, which represents 
the effect of cohesion, from the known properties of the gas, to subtract from it 
the actual cooling, and from the remainder to compute values of x, the tempera- 
ture of absolute privation of heat, according to the following formula: 


K. 


When the gas is nearly * as in the case of atmospheric air, it is unne- 
cessary to take into consideration its deviation from the perfect condition in com- 
puting the integral in the denominator; whose approximate value is found to be 


(103) 


C;ö;]/? 
7 
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yp. log N hyp. log P. nearly being nearly constant), 
and K, nearly = k. 
The value of the integral in the numerator is found as follows :— 
The Centrifugal Theory of Elasticity indicates that the pressure of an imper- 
fect gas may be represented by the following formula: 


P=P, (= 


where V, is the volume in the perfectly gaseous state, at a standard pressure P., 
and absolute temperature 7, and A,, A,, &c., are a series of functions of the den- 
sity, to be determined empirically. From this formula it is easily seen that 


Ay. 


so that the first term in the numerator of the expression (103) has the following 
value :— 


in which R = Nr, nearly. 


In order to represent correctly the result of M. RONAULr's experiments on 
the elasticity and expansion of gases, it was found sufficient to use, in the for- 
mula for the pressure (104), the first three terms; and the functions of the den- 
sity which occur in these terms, as determined empirically from the experiments, 
were found to have the following values, in which the unit of volume is the 
theoretical volume of unity of weight of air under the pressure of one atmosphere, 
at the temperature of melting ice,* and the values of the constants are given for 


the centigrade scale. 
Com. log b 3·8181545; Com. log a = 0.176168. 


Hence it appears that the integrals in the formula (106) have the * 
values: 


in which the common logarithms of the constants are 


* This unit of volume is greater than the actual volume of air, under the circumstances described, 
in the ratio of 1-00085 to 1. 
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Com. log 2 = 2-1101845 ; log + 2. 95 2 24017950 ; 
ant these values suit any scale of temperatures. 
In calculating, for use in these formule, the densities 7 from the observed 


pressures, it is sufficiently near the truth, in the case of air, to use the approxi- 
mate equation 
5 = “2 P (in atmospheres). | 
The common logarithm of , the absolute temperature of melting ice, for the 
centigrade scale, is 24387005. 
The constant N for atmospheric air is 0°4 nearly; therefore 


Com. log (N x hyp. log 10) = 19642757. 


The following, therefore, is the approximate value of the W 010 (103), to be 
used (with the numerical constants already given) in reducing the experiments of 
Mr Jovlx and Professor Tuomson on atmospheric air, so as to obtain approximate 
values of the absolute temperature of total privation of heat :— 


k= {Nr )*. 2 (3) a . (Ph) 
hyp. log 10 x a. com. log 5 


In using this formula, the mean absolute temperature should be taken as the 
value of 7. 

The following table shews the values of the quantity «x, 3 from ten 
mean experimental data, taken respectively from the first ten series of experi- 
ments described in the recent paper of Messrs JouLE and Tnousox, in the supple- 
mentary number of the Philosophical Magazine for December 1852. The tempe- 
ratures in the table, for the sake of convenience, are reduced to the centigrade 
scale, because that scale has been used throughout the previous sections of this 
paper. 

The final pressure in each case was that of the atmosphere. 


996-0 986-1 9-363 13-81 9-9 { oN 

80· 0 10.0 9-363 #081 8:3 { % 

— €89-1 o 99-0 · 566 · l g · L8-L1 5. { 0 

180-3 81-1 81-2 00-1 115 0-822 68-6 ¥-8 

* 60% 6% 651 99.0 6611 | 99. jo uv 

19-1 88-0 93-1 18.0 9196 5.9 —— 

80-T 85 · 0 83-0 1E | "peyou N 
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Professor Tuomson and Mr Jou.e have expressed the opinion, which is un- 
doubtedly correct, that those experiments in which the largest quantities of air 
were used were the least liable to error from disturbing causes, such as the con- 
duction of heat. , 

Now it may be observed in the preceding table, that the calculated values of 
« are generally greatest, and the discrepancies amongst them least, for the experi- 
ments in which most air was used. To illustrate this, the results of the last eight 
series are arranged below in the order of the quantities of air employed. 


Cubic inches per second, 2˙8 56 64 84 112 112 
Values ofx, . . . . 1683 1762 209 2228 4151 42087 2345 214 


It is further to be remarked, that the discrepancy between the highest and 
the lowest of the values of * is 


2°-345 — 1°08 = 17265 centigrade : | 
a quantity which corresponds to a difference of less than one three-hundredth part 
in computing the proportion of heat converted into mechanical power by any or- 
dinary expansive engine, according to the formula (98), which has been deduced 
from the hypothesis of Molecular Vortices. | 

The experiments, therefore, may be considered as tending to prove, that the 
formulee deduced from this hypothesis are sufficiently correct for practical pur- 
poses; and also as affording a strong probability that the principles to which it 
leads are theoretically exact, and that the temperature of absolute privation of 
heat is a real fixed point on the scale, somewhat more than two centigrade de- 
grees above the absolute zero of a perfect gas-thermometer (which is, of course, an 
imaginary point); that is to say, about 272} centigrade degrees, or 490} degrees 
of Fanrenueit, below the temperature of melting ice. 

If these conclusions be correct, it follows, that when the temperatures T, and 
T,, between which an expansive engine works, are measured from the ordinary 
zero points of the centigrade and of FAHRENHEIT’Ss scales respectively, the follow- 
ing are the utmost proportions of the total heat expended which it can be made 
to convert into mechanical power sre 


For the centigrade scale, 1.2781 
1 


For FAHRENHEIT’S scale, 
1 


In the fifth section of this paper, where a comparison is made between the 
actual duty of theCornish engine at Old Ford, as determined by Mr WIcksTEED, 
and the greatest possible duty which could be obtained from a given quantity of 
heat by a theoretically perfect engine working between the same temperatures, 
the constant « is treated as being so small that it may be neglected in practice. 


(109. 
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If the value of & is really 2°:1 centigrade, as computed above, the calculated maxi- 
mum theoretical duty in Section V. is too small by about one one-hundred-and- 
ninetieth part of its amount,—a quantity of no practical importance in such cal- 
culations. 

(61.) It may be anticipated, that when Mr Jouve and Professor THomson shall 
have performed experiments on the thermic phenomena exhibited by air in more 
copious currents, and by gases of more definite composition, and more simple laws 
of elasticity, much more precise results will be obtained. 

When a gas deviating considerably from the perfectly gaseous condition. or a 
vapour near the point of saturation, is employed, it will no longer be sufficiently 
accurate to treat the specific heat at constant volume as a constant quantity, nor 
the cooling effect as very small. It will therefore be necessary to employ, for the 
reduction of the experiments, the integral form of equation (99) ; that is to say, 


22 kr + (hyp. log + (C 


21670 + af -P)av 


dP... kK 


(62.) Preliminary to the application of this equation, it is necessary to deter- 
mine the mechanical value of the real specific heat k. Supposing the law which 
connects the pressure, density. and temperature of the gas to be known, it is suf- 
ficient for this purpose to have an accurate experimental determination, either of 
the apparent specific heat at constant pressure for a given temperature, or the 
velocity of sound in the gas under given circumstances. 

First, let us suppose that the apparent specific heat at constant pressure is 
known. 

The value of this coefficient (Centrifugal Theory of Elasticity, art. 12) is 


In order that the lower limit of the integral may correspond with the condition 
of perfect gas, it is convenient to transform it into one in terms of the density. 
Let D be the weight of unity of volume, then 


2 


If, then, we have the pressure of the gas under consideration expressed by the 
the following approximate formula:— | 
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The following will be the values of the functions of the pressure which enter 
into the above equation: 


ad dD= +2007? 


(111 B.) 
d 1 A,\? 
40 (= #) 


To illustrate the application of these formule, let us calculate the difference 
between the real specific heat, and the apparent specific heat, at constant pressure, 
of carbonic acid gas, at the temperature of melting ice, and at the density which, 
if the gas were perfect, would correspond to a pressure of one atmosphere at the 
temperature of melting ice. Let this density be denoted by D,, and its reciprocal 
by V.. As the constants have been deduced from M. Reanavutt’s experiments, 
the calculations will be made in French measures and for the latitude of Paris. 

The actual density of carbonic acid at 0° centigrade, and under one atmosphere 
of pressure, exceeds the theoretical density, in the perfectly gaseous state, in the 
ratio of 10065 to 1 nearly. Hence the height of a homogeneous atmosphere of 


actual carbonic acid at 0’ centigrade being . §225°5 metres, 
the corresponding height in the state of perfect gas is P,. V, = 52595 „ 
and — = 19°53 metres per centigrade degree = 62°84 feet. 


The functions which express the influence of density on the deviation of car- 
bonic acid gas from the perfectly gaseous state, have the following values :— 


Com. log b = 31083932; Com. log a = 03344538 
5 = 0:00128349 a = 216; 


D d D 
=2b 5, D 


For the purposes of a first approximation, we may assume that the value of x 


| 
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already found is sufficiently near the truth, viz., 2°*1 centigrade; so that, in the 
present instance r—x=272°°5 centigrade. 
Then we find the following results when =, and D=D,; 


Vv Metres. Feet. 
per centigrade degree, . . . . 0.145 048 


Sum = K, — k = excess of apparent specific heat at constant volume 
above real speeifie het. 0295 097 
dP\? 
250 


(1 — kK) —s- = difference between apparent specific heats at con- 
7A stant volume and at constant pressure, - 19565 6419 
K. — k = excess of apparent specific heat at constant pres- 


sure above real specific heat, 8 . 19860 65°16 


5 of the above quantities are of course the corresponding quantities for FanREx- 
UErr's scale. 

Secondly, If the velocity of sound in the gas is given, let this - u. Then we 
know that 


45 T. v. {= 


So that from the velocity of sound we can calculate the ratio of the specific heats 


at constant pressure and at constant volume. Let this ratio be denoted by . 
and let 


in which 


K, K.,. kT; then 


in which ¢ and ¢ are to be calculated as above.“ 


(63.) In using the formula (110) for a gas whose pressure is represented by 
the formula, 


the oie may be transformed so as to be taken, with respect to the density, as 
in the preceding article. Thus we obtain 


* See Appendix, Note B. 
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0 
* carbonic acid, the first of these formulee becomes simply 


-A 


and the second, 3 
1 D a D. D 
7. v.. hyp. log 5. CA | 


Griascow, 27th December 1852. 


APPENDIX. 


Note A (to Article 58). Since this section was read, the theoretical views 
relative to the relation between heat and temperature contained in it and the 
previous sections of this paper, have received a strong confirmation by the publi- 
cation by M. RNA UI of the fact, that he has found the specific heat of air to 
be sensibly constant at all temperatures from —30° centigrade to +225°, and at 
all pressures from one to ten atmospheres (Comptes Rendus, 18th April 1853); 
so that equal lengths on the scale of the air thermometer represent equal quanti- 
ties of heat. 

Nore B (to Article 62). Until very recently, there existed no exact experi- 
mental determination of the specific heat of any gas. The specific heat of air at 
constant pressure, as compared with that of water, was calculated theoretically 
in the previous part of this paper, from JouLE’s equivalent and the velocity of 
sound, and found to be 0°24. This value has since been confirmed very closely 
by Mr Jou.e’s experiments, whose mean result was 0°23, and still more exactly 
by M. REOGNAULx's experiments, already referred to, which give the value 0°2379. 
The following table shews the results of the application of the formulz of this 
paper to the specific heats of five different gases at constant pressure, selected 
from M. Reanavu.t’s table (Comptes Rendus, 18th April), as being those in which 
the velocity of sound can be computed, and has been determined experimentally. 
The table shews also a comparison of the calculated and observed velocities of 
sound. This table appeared originally, in French measures, in the Philosophical 
_ Magazine for June 1853: the metres are here reduced to feet. Kr, Ky, and Ku, 
are expressed in feet of fall per centigrade degree. Kw (JouLr’s equivalent) 
= 1359°6. 
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EXPERIMENTAL Data. Rescwrs. Vewocity or Sounn at 0° Centr. 
GASES. 
K B Obser- 
Pv K, K. — K, K, „hy Theory. — Observers. 
Feet. Feet. Feet. Feet. Ft. per sec. Ft. per sec. 
Ai 26214˙4 02379 | 330°6 | 96°0 | 2346 1-4094! 1090-4 1090-5 Rravais & Martins. 
8 | 1090-1 | Mout & Van Beex. 
Oxygen, 23710°4 303-2. 86°8 | 216-4 1036-4 | 1042-3 | Dutonc. 
Hydrogen, . 378819-0 4731-0 1388-0 3343-0 (1°4150/ 4153°3 |4165°1 | Dutona. 
Carbonic oxide, | 27097-8 |0-2479 | 344-5 99-25 | 245-25 |1-4047 | 1106-8 | 1107-0 Doro. 


Carbonic acid, | 17144-7|0-2169 300-7 64-2 | 236-5 12714 837-55 858-28, Dutoxc. 


The real specific heat of carbonic acid gas is 235°5 feet of fall per centigrade 
degree. That of the other gases does not differ from the apparent specific heat 
at constant volume by an amount appreciable in practice. 
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XLI.—On Nitric Acid as a Source of the Nitrogen found in Plants. 
By GrondR WON, M.D. 


(Read 4th April 1853.) 


The source from which plants obtain nitrogen, which is now recognised as one 
of their most important elements, has, from the first recognition of its importance, 
been matter of dispute. Latterly, however, chemists and physiologists have 
pretty unanimously come to the conclusion, that a large (perhaps the largest) 
part of the nitrogen of vegetables is derived from ammonia; whilst much discus- 
sion has been carried on as to the question, Is any part of their — yielded 
by nitric acid! 

The most able advocate in this country of the claims of ammonia is Dr Gre- 
corY. The most able advocate of the claims of nitric acid is Professor JoHNsTON 
of Durham, and the opposite conclusions to which accomplished chemists like 
these have come in reference to the point in dispute, have perplexed botanists, who 
know not which view to prefer. The extent to which they are pressed by this 
dilemma, has been so strongly represented to me by Dr Batrour, that I have 
engaged to bring the subject, as I now do, before this Society. I shall sedulously 
avoid discussing the question in a polemical spirit; and, as the shortest and most 
satisfactory way of doing justice to the rival views, I shall select Dr Grecory’s 
clear and concise statement, as representing the opinions of those who deny that 
nitric acid is part of the food of plants; and then proceed to state what appear to 
me conclusive proofs that nitric acid does supply plants with nitrogen. 

Dr Grecory writes thus:—‘“ Let us now attend to the nitrogen of plants. 
This, as already stated, is supplied to wild plants entirely by the air, and, so far 
as we know, only in the form of ammonia. Some authors have held that nitric 
acid furnishes nitrogen to plants, and that this acid is formed in the air by 
thunder-storms, and carried down by the rain. And they point to the occur- 
rence of nitric acid in springs in proof of this. Now it is true that nitric acid 
is formed in thunder-storms, but in very minute quantity, whereas ammonia is, 
and must be, present in the air at all times. Indeed there is reason to believe 
that the nitric acid of storms is produced by the oxidation of the ammonia of 
the air, as in nitrification, where ammonia is oxidised into nitric acid and water 
NH,+0,=NO,, 3 HO; so that even if nitric acid did yield nitrogen to plants, 
that nitrogen would be derived from ammonia. This would account, too, for the 
small amount of nitric acid formed. For if it were produced by the action of elec- 
tricity on the nitrogen and oxygen of the air, there seems to be no reason why it 
VOL. XX. PART IV. 7x 
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should not be formed in very large quantity; while ammonia forms less than 
one-10,000th of the air, perhaps much less. Nitric acid is only found in springs 
where decaying organic matter is near them, as in towns, and is formed from the 
ammonia produced in their decay, by the same process as in nitrification. Besides, 
while we have no proof that plants decompose nitrie acid, which it is certainly 
possible they may do, we know that many plants, such as tobacco and sunflower, 
actually produce nitric acid, or, at least, do not destroy that which enters them.“ 

Thus far Dr Grecory. I at once concede to him that plants are largely in- 
debted to ammonia for the nitrogen found in them; and in support of the belief 
that they are also indebted to nitric acid for their nitrogen, I adduce the follow- 
ing proofs. 

Firstly, The production of nitric acid in the atmosphere during thunder- 
storms, is a certain, not a questionable fact; and the scale on which it is pro- 
duced is such as to necessitate its recognition as a portion of the azotised food of 
plants. That this should have been questioned is perhaps not strange, for the 
newly-discovered truth that ammonia is generally present in the air, could scarcely 
fail to throw into temporary oblivion the equally important truth that nitric acid 
is generally present there also. The name of the great living chemist Liznic 
is identified with the one discovery, and the name of the great dead chemist 
CAVENDISH with the other; and we must not grudge that greater interest should 
be felt by most in the doings of the living philosopher. But assuredly it is not 
necessary to set the two truths against each other, as if they were mutually in- 
compatible, or in any respect contradictory. On the other hand, I believe that 
they are complementary, and form an essential and manifest part of that harmo- 
nious adjustment which we everywhere perceive guarding plants and animals 
against imperfect nourishment or decay. | 

In the year 1781, CavENDisH addressed himself to the task of answering this 
question, among others, Why does the passage of an electric spark through a 
confined portion of air, cause a diminution in its volume?“ f He did not give a 
categorical reply to this question till 1785, when he published his discovery that 
a mixture of two measures of nitrogen and five measures of oxygen can be entirely 
converted into nitric acid, by sending a succession of electric sparks through it.] 
He had observed the fact, however, in 1781, in the course of the famous experi- 
ments which led to the discovery of the composition of water,—a truth to which 
I refer, because an impression is prevalent, that the conversion of a mixture of 
nitrogen and oxygen into nitric acid by the electric spark, can only be effected 
with great difficulty, whereas the undesired and unintended production of this 
acid, in trials instituted with a totally different object in view, was the chief 


* Grecory’s Organic Chemistry. Third Edition, p. 466. 
Phil. Trans., 1784, p. 119. t Ibid, 1785, p. 372. 
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cause of the delay which attended the announcement that water is not a simple 
body. CAvVENDISH’s later experiments were repeated by a Committee of the 
Royal Society at his own request, and with entire success ;* and if any one is slow 
to repose faith in chemical experiments made in 1785, let me remind him that 
Farapay has shewn that every time a friction electric machine is in action, the 
truth of CAVENDIsH’s observations may be proved, by no more complex device 
than the stretching of a piece of paper wetted with solution of potass, across the 
interval separating two surfaces, between which electric sparks are passing. ane 
potass is quickly changed into nitrate of potass.+ 

Resting upon these observations of Cavenpis# and Farapay, I urge the con- 
clusion, that every lightning flash must convert a portion of the air into nitric 
acid; and that in tropical regions where thunder-storms prevail, this acid must 
be produced largely and almost constantly. 

Secondly, As for the proposition that the ammonia of the atmosphere is con- 
. verted by simple oxidation, as in the process of nitrification at the surface of the 
earth, into nitric acid, I might leave it unconsidered, for my concern is simply 
with nitric acid, not with its source. Iam quite prepared to admit the probabi- 
lity of atmospheric ammonia undergoing conversion into nitric acid; for although 
one condition essential to nitrification in the soil, namely, the presence of an 
alkali or alkaline earth is wanting, yet, from what is known of the intense oxid- 
ising power of ozone, we may well believe that when it is developed in the air, 
as it so certainly and frequently is, it will compel the conversion of ammonia 
into nitric acid. It will presently, indeed, appear, that, from the recent researches 
of BaRRAL, it is probable that nitric acid is generated in the atmosphere at the 
expense of ammonia. If this, however, be the case, then we must acknowledge 
that, in addition to thunder-storms, a force is constantly at work in the air pro- 
ducing nitric acid; and further, that this force is constantly removing from the 
atmosphere the ammonia on which plants are supposed to be solely dependent 
for nitrogen. 

No data exist from which we can compute, with even an approximation to 
accuracy, the amount of nitric acid produced by thunder-storms all the world 
over. It is certainly, however, considerable, as compared with the amount of 
ammonia in air, and with the amount of nitrogen required by plants. 

It is further uncertain how far temperate regions profit by the nitric acid 
developed by the storms of tropical latitudes; but from the known effects of the 
winds, and of the diffusive force of gases, in spreading through the atmosphere 
substances added to one part of it, we cannot doubt that when the heavy rains 
which so frequently follow thunder-storms, do not at once transfer to the earth 
the nitric acid which they have produced, it will be conveyed, either free or 
combined, to immense distances from the spot where it was developed. But upon 


Phil. Trans., 1788, p. 261. + Electrical Researches, vol. i., pp. 90, 91. 
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this point I do not dwell; for I am content with the alternative conclusion, that 
the nitric acid of thunder-storms either descends at once to the earth, and feeds 
the most luxuriant vegetation known to us; or that it is diffused through the en- 
tire atmosphere, and is available for the nutrition of the plants of all lands. 

Thirdly, Rain-water is often found to contain nitric acid in combination with 
different bases. The most recent observations on this point with which I am 
acquainted, are those of M. BarraL, communicated to the French Academy, and 
approved by a committee of that body. If BARRAL's results are confirmed, and 
are not found to be exceptional, they will compel us to acknowledge a much 
larger proportion of nitric acid, as normally present in the atmosphere, than is 
generally imagined. His researches were made on the water collected in the 
rain-gauges of the Observatory of Paris in 1851 and 1852. 

The following are his general conclusions: 

“1°. During one year, reckoning from July 1, 1851, to June 30, 1852, there 
fell at Paris a quantity of nitrogen in combination, equal to 20°04 lbs. avoirdu- 
pois to the English imperial acre; namely, 11°13 Ibs. in the condition of nitric acid, 
and 8°91 Ibs. in the condition of ammonia.* 

« 2°. The quantity of ammonia which fell during that period amounted to 
12°29 Ibs. to the acre. 

39. The quantity of anhydrous nitric acid which fell during the same period 
amounted to 41°24 lbs. to the acre. 

« 4°, The quantity of ammonia diminished in the months during which the 
quantity of nitric acid increased. 

«5°. The quantity of nitric acid W 0 whenever the weather became 
stormy. 

6“. During the months only of February, March, April, and June, the quantity 
of nitrogen in the form of nitric acid, was a little less than the quantity of nitrogen 
in the form of ammonia.“ 

These observations apply to rain-water collected in the neighbourhood of a 
great city, and do not admit of direct comparison with the purer rain-water of 
the open country; but they are very remarkable, not merely as shewing that 
rain brings down nitric acid as well as ammonia, but that, in certain places at 
least, it contains more nitric acid than ammonia. And although a given weight 
of ammonia contains three times the amount of nitrogen which the same weight 


* There is some mistake in BAnnAL's numbers, for the statements in the first paragraph do not 
agree with those in the second and third ; as the numbers, however, for nitrogen are calculated from 
the observed quantities of nitric acid and ammonia, the figures representing these are assumed as 
the correct ones. 

If so, the quantity of “ nitrogen in combination” is equal to 20-81 Ibs. per acre; that of the 
nitrogen in nitric acid is 10-69 Ibs.; and that of the nitrogen in ammonia, 10°12 lbs, These, ac- 
cordingly, are the numbers which should appear in the first paragraph of e conclusions. 

+ Comptes Rendus pour 27 Septembre 1852, p. 431. 
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of nitric acid does; yet, as in the numbers I have quoted, the weight of acid 
exceeds that of a:kali three and a-half times, it appears that, so far as we have 
quantitative observations on the matter to refer to, a larger amount of nitrogen is 
offered to plants in rain-water, in the form of nitric acid, than in that of ammonia. 

I have separated the question of the occurrence of nitric acid in rain-water, 
from that of its development in the atmosphere by oxidation, and by electricity ; 
because it is not certain that the whole of the nitrates found in rain-water have 
been produced by a process like that of nitrification, or by the action of lightning- 
discharges on the air. Since rain-water is found to contain common salt, lime, 
magnesia, and the like, which have been raised into the atmosphere from the 
earth, or from the bodies of water at its surface, we cannot refuse to credit that 
nitre may be elevated in the same way. I might go further, for attention has long 
been directed to the fact, that there is a marked loss during the evaporation of 
solutions of common nitre, in consequence of that salt, although not volatile in 
the dry state, undergoing volatilisation along with the vapour of water. This 
is a secondary point, but it is important, as shewing that, apart altogether from 
oxidation, and from thunder-storms, there is a source from which the atmosphere 
everywhere may receive compounds of nitric acid. 

Fourthly, It has been known for more than a century, that many springs 
contain nitrates. 

Fifthly, It is now universally admitted, that wherever nitrogenous vegetable 
or animal matter is exposed to the air along with alkaline bases, ammonia is 
developed, and then oxidised into nitric acid, which combines with the bases. 
Now, those conditions are extensively realised all over the globe, both in culti- 
vated and uncultivated tracts of land; and in the warmer regions of the earth, 
where decomposition proceeds with greatest rapidity, the production of nitre in 
the soil is constant and immense. India alone furnishes Great Britain with all 
the nitre needed for her gunpowder. 

Sizthly, The most marked nitrous districts of India are celebrated for their 
fertility, provided a due supply of water is furnished to them. 

Seventhly, The alkaline nitrates dissolved in water, and not employed in too 
strong solutions, have been found greatly to quicken the growth of plants; and the 
nitrate of soda which, from its cheapness, is the most accessible, is daily coming 
into greater use among our farmers. In the current number of the Journal of the 
Royal Agricultural Society,* will be found the last of a series of papers on this sub- 
ject, in which the virtues of nitrate of soda in increasing the amount of wheat 
yielded by a field manured with it, are placed by Mr Pusey above those of ammonia. 

It has been asserted, indeed, that alkaline nitrates are serviceable to plants 
only by furnishing them with alkalies; but I know not by what arguments it is 
proposed to defend this opinion. It is at variance with the experience of farmers, 
who find nitrate of soda, as Mr Pusey reports, f a powerful fertiliser where common 


* Vol. xiii., Part ii., p. 366. + Ibid. p. 349. 
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salt is of no avail. But it is needless to enlarge upon this, for even if it were con- 
ceded that soda is the more important constituent of nitrate of soda, considered 
as a fertiliser, it is manifest that it must make a difference to a plant whether 
soda be supplied to it combined with carbonic, hydrochloric, sulphuric, or nitric 
acid ; and that in the case of nitrate of soda, the plant must in some way dispose 
of the nitric acid before it can avail itself of the soda; so that the question must 
be answered, What becomes of the nitric acid which enters plants! 

To this, one reply is offered in the quotation which I commenced by reading. 
The presence of nitrates in tobacco, sunflower, and certain other plants, is thought 
to shew that if they do not even possess the power of producing nitric acid, they 

at least cannot decompose it. But surely this is proving too much. For if the 
presence of undecomposed nitric acid in a plant shews that it cannot decompose 
that acid, then the presence of ammonia shews that it cannot decompose ammonia, 
and the presence of undecomposed sulphuric acid shews that it cannot decompose 
this acid; and for the same reason, as plants all contain undecomposed chlorides, 
carbonates, water, and carbonic acid, it should be held that they can decompose 
none of these. In short, it should be contended that a plant can decompose no- 
thing, and that its existence is a chemical contradiction. If we refuse to draw this 
conclusion in the case of the other oxides and acids which are found in plants, 
we must extend our refusal to nitric acid, which is circumstanced exactly as the 
others are. 

As for the opinion that plants may produce nitric acid, it is quite possible 
that they can, although for reasons to be presently mentioned it does not seem 
likely that they generally do; but it would be unwise to speak confidently on the 
. matter. The only conclusion certainly deducible from the presence of nitrates in 

plants is, that at least nitric acid does not act injuriously on them. 
| Thus far, then, it has been I think satisfactorily shewn— 
Firstly, That nitrates are largely offered to 3 both as they grow wild 
and as they are artificially cultivated. 
_ Secondly, That plants do not refuse the nitrates thus offered them. 

Thirdly, That the nitrates which enter plants do not, if properly diluted, do 
injury to any class of them; whilst, 

Fourthly, They largely promote the growth of many of the most important 
among them. 

It remains to inquire, Can plants decompose nitric acid, and avail themselves 
of its nitrogen? I can offer no direct or demonstrative proof that plants possess 
the power of effecting this decomposition. Direct proof is not to be had in the 
matter, but the following powerful considerations may be urged in support of the 
belief that plants can decompose nitric acid. 

From the moment of the discovery that water is the oxide of hydrogen, 
chemists perceived that the great characteristic function of a living plant, con- 
sidered as a piece of chemical apparatus, was to deprive oxides of their oxygen, 
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or to deoxidise them. The earliest teachers of this doctrine, Cavenpisu, Wart, 
MrusxiIkn, and Lavoisier, supposed this deoxidising power to be chiefly expended 
upon water. At a later period, when the fact that carbonic acid is an oxide of 
carbon was discovered, and PrresTLEY’s experiment on the conversion of fixed 
air into free oxygen, by the green leaves of plants in the presence of sunshine, 
were recalled, the deoxidising powers of a plant were supposed to be mainly 
expended on carbonic acid. At present, we should decline to say whether this 
acid or water was most the subject of deoxidation in plants; and we should add 
to those oxides, sulphuric acid, as constantly undergoing separation into its ele- 
ments. To such a conclusion we are driven by the fact, that whilst unoxidised 
sulphur is found in many of the constituents of plants, sulphates are the only 
compounds of sulphur which are found entering them. 

Whatever else, however, is doubtful, this is certain, and is acknowledged by 
chemists of every school, viz., that a plant is like a blast-furnace, which the sun 
kindles every day into full action; and that no oxide can pass through such an 
apparatus, without risking the loss of all its oxygen. With what consistency, 
then, can it be contended, that water, carbonic acid, and sulphuric acid, cannot 
pass through a plant in the presence of sunshine, without being deprived in whole 
or in part of their oxygen, but that the much more easily deoxidised nitric acid, in 
the same circumstances, will not suffer deoxidation? It might as well be affirmed 
that a blast-furnace may be competent to reduce the refractory oxide of iron, and 
yet be incompetent to reduce the easily reducible oxide of lead. 

No one I think will deny, that out of a plant, sulphates are deprived of oxygen 
with much more difficulty than nitrates are; if, however, the deoxidising force at 
work within a plant can deprive sulphates of their oxygen, d ſortiori it can deprive 
nitrates of their oxygen, and we must concede their deoxidability and deoxida- 
tion. 

But further, the alkaline nitrates which are the medium of the introduction 
of nitric acid into plants, will certainly within them separate more or less com- 
pletely into acid and alkali, and let the former become free. Those who contend 
that nitrate of soda profits plants only in so far as it contains soda, imply by this 
statement that the nitric acid is set free from the soda, and in some way disposed of. 
All chemists, moreover, will acknowledge that the large amount of fixed alkaline 
bases found present in every plant in union with organic acids, compels us, what- 
ever theory we hold, to look upon these acids developed within the plant, as having 
taken the place of the inorganic or mineral acids which accompanied the bases into 
its structure. Nitric acid must therefore be often set free within vegetable organ- 
isms; and when set free, must more rapidly than any uncombined inorganic oxide 
which is present in plants, suffer instant deoxidation. This proposition, I think, 
needs no proof. Uncombined carbonic or sulphuric acid, cannot be deoxidised by 
any known artificial process, so as to separate its oxygen as free gas. Water can 
be made to yield free oxygen only by a powerful voltaic current,—by an intense 
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white heat, assisted by platina,—or by chlorine and its congeners, with their affi- 
nities for hydrogen exalted by sunshine; but nitric acid is the frailest of oxides. 
It not only parts with oxygen to the immense majority of metals, and of metallic 
and organic compounds, but the simple application of heat deoxidises it; and sun- 
light, which so greatly intensifies the inherent deoxidising power of a plant, can, 
without the co-operation of its complex organic apparatus, compel nitric acid to 
undergo deoxidation. 

If, therefore, sunlight alone can deoxidise nitric acid, sunlight, co-operating 
with a powerful deoxidising apparatus, will not be less efficacious; and those 
chemists who declare that a plant can deoxidise water, carbonic acid, and sul- 
phuric acid, but cannot deoxidise nitric acid, are uttering the paradox, that the 
more easy the decomposition of an oxide is, the more difficult does a plant find it 
to be to decompose it; so that if it be exceedingly susceptible of deoxidation, then 
the plant, whose greatest chemical power is a deoxidising one, cannot deoxidise it 
at all. 

No one, I think, would articulately defend such a doctrine. The opposite con- 
clusion is surely the just one, that if nitric acid be conveyed into plants, it will be 
reduced by loss of oxygen finally to the condition of nitrogen, and as such be 
as available for the production of azotised vegetable compounds as the nitrogen 
of ammonia. 

Teachers of chemistry appear to be reluctant to admit two sources of nitrogen 
for plants, because it complicates their statements, and multiplies their formule ; 
but the partial representations of truth, to which all teachers are compelled, how- 
ever catholic in spirit, can never justify the expression of one-sided views, as the 
counterpart of the multiform unity of Nature. Those, moreover, who have been 
accustomed to trace back all azotised vegetable compounds to ammonia, need 
only postulate that nitric acid having been deoxidised into nitrogen, that element 
unites with hydrogen to form ammonia before any organic compound is developed ; 
and thereafter they may carry out the ammonia theory as before. Such a con- 
version of nitric acid into ammonia is not hypothetical, for it can be readily ef- 
fected by diluting the acid largely with water, and dissolving zinc in it. 

It would more consist with the modesty of true science, to be less dogmatic 
than we generally are on the phenomena which occur within the inscrutable re- 
cesses of a living plant; and to admit the probability of its being able to employ 
as food various azotised, as well as other compounds. If, however, we are re- 
quired to reduce to its simplest chemical expression the conclusion which our 
present science warrants regarding the inorganic origin of the nitrogen so essential 
to plants, we must not say that only ammonia, or only nitric acid, is its source, 
but that both are; or, in a word, that the chief mineral or inorganic representa- 


tive and parent of the nitrogenous constituents of plants and animals is the Nitrate 
of Ammonia. 
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XLII.—Some Observations on Fish, in relation to Diet. By Joun Davy, M. D., 
F. R. S. Lond. & Edin., Inspector-General of Army Hospitals, &. 


(Read 18th April 1853.) 


What are the nutritive qualities of fish, compared with other kinds of animal 
food? Do diffgrent species of fish differ materially in degree in nutritive power ? 
Have fish, as food, any peculiar or special properties? These are questions, 
amongst many others, which may be asked, but which, in the present state of 
our knowledge, I apprehend it would be difficult to answer in, a manner at all 
satisfactory. 

On the present occasion, I shall attempt little more than an opening of the 
inquiry, and that directed to a few points,—chiefly those alluded to in the 2 
going queries. 


1. Of the Nutritive Power of Fish. 


The proposition probably will be admitted, that the nutritive power of all the 
ordinary articles of animal food, at least of those composed principally of mus- 
cular fibre, or of muscle and fat, to whatever class belonging, is approximately 
denoted by their several specific gravities, and by the amount of solid matter 
which each contains, as determined by thorough drying, or the expulsion of the 
aqueous part, at a temperature such as that of boiling water, not sufficiently high 
to effect any well-marked chemical change. 

In the trials I have made, founded on this proposition, the specific gravity has 
been ascertained in the ordinary hydrostatical way; —the portions subjected to 
trial, in the instance of fish, have been taken from the thicker part of the back, 
freed from skin and bone, composed chiefly of muscle. And the same or similar 


portions have been used for the purpose of determining their solid contents, dried 


in platina or glass capsules of known weight, and exposed to the process of drying 
till they ceased to diminish in weight. 

The trials on the other articles of dict, made for the sake of comparison, both 
as regards specific gravity (excepting the liquids), and the abstraction of the 
hygroscopic water, or water capable of being dissipated by the degree of tem- 
perature mentioned, have been conducted in a similar manner. 

The balance used was one of great delicacy, at home, or a small portable one, 
when from home, of less delicacy, yet turning readily with one-tenth of a grain.- 

The results obtained are given in the following tables. In the first, on some 
different species of fish; in the second, on some other articles of animal! food. 

I have thought it right, whenever it was in my power, to notice not only the 
time when the fish were taken, but also the place where they were procured.— not 
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always so precise as I could wish,—as both season and locality may have an in- 
fluence on their quality individually. When the place mentioned is inland, it 
must be understood, that, in the instance of sea-fish, they were from the nearest 
seaport. 


Taste I. 

Species of Fish. Specific Gravity.| “Oe? bt. Place where got, and Time. 
Turbot, Rhombus mazimus, 1062 20˙3 March. Liverpool. 
Brill, R. vulgaris, 1061 20°2 October. Penzance. 
Ne Gadus aglefinus, 1056 20°2 August, Ambleside. 
Hake, G. merlucius, : 1054 17˙4 October. Penzance. 
Pollack, G. pollachiue, 1060 19-3 October. Penzance. 
Whiting, Merlangus vulgaris, 1062 21°5 March. Chester. 
Common Cod, Morrhua vulgaris, 1059 | 19-2 April. Ambleside. 
Red Gurnard, Trigla es 1069 23-6 October. Penzance, 
Dory, Zeus faber, . 1070 22:9 October. Penzance... 
Mackerel, Scomber — 1043 379 October. Penzance. 
Sole, Solea vulgaris, . 1065 23˙0 February. Ambleside. 
Do. do., 1064 21˙1 February. Ambleside. 
Thornback, Raia clavate, 1061 22˙2 October. Penzance. 

, March. River Boyne, Ireland. 
Salmon, Salmo salar, 1071 29 ·4 
Sea-Trout, S. erioz, age an 41°2 June. Ambleside. 

Charr, S. umbla, 1056 22-2 November. Windermere. 

March. Lough Corrib, Ireland, 

Trout, S. fario, ; ‘ 1053 22°5 Weight about } Ib., in good 
condition. 

, October. River Brathay. A 
{ small fish of about 2 oz. 
Smelt, S. eperlanus, ‘ 1060 19°3 March, Liverpool. 

Eel, Anguilla latirostris, 1034 33°6 June, Ambleside, 
Tasze II 

Kinds of Food. Specific Gravity. "ae mer Place and Time. 
Beef, sirloin, . 1078 26°9 March, Ambleside. 
Veal, loin, . 1076 27˙2 November. Ambleside. 
Mutton, leg, 1069 26°5 November. Ambleside, 
Pork, loin, . 1080 30°5 January. Ambleside. 
Fontes, composed of beef and Be 86:25 | Victualling-yard, Portamouth. 
Common fowl, breast, ‘ 1075 27:2 November. Ambleside. 
Grey Plover, breast, ° 1072 30:1 November. Ambleside. 
Cow's milk, new, before the a 

1031 11-2 November. 

White of hen’s egg, ' 1044 13°9 
Yolk of the same, ‘ 1032 45:1 
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These results I would wish to have considered merely as I have proposed in 
introducing them, viz., as approximate ones. Some of them may not be perfectly 
correct, owing to circumstances of a vitiating kind, especially the time of keeping. 
Thus, in the case of the whiting, which was brought from Chester, its specific 
gravity, and its proportion of solid matter may be given a little too high, owing to 
some loss of moisture before the trials on it were made. Casting the eye over the 
first table, it will be seen that the range of nutritive power, as denoted by the 
specific gravity, and the proportion of solid matter, is pretty equable, except in a 
very few instances, and chiefly those of the salmon and mackerel. The one ex- 
hibiting a high specific gravity, with a large proportion of solid matter; the other, 
a low specific gravity, with a still larger proportion of matter, viz., muscle and 
oil, and, in consequence of the latter, the inferior specific gravity. A portion of 
the mackerel, I may remark, merely by drying and pressure between folds of blot- 
ting paper, lost 15°52 per cent. of oil. Oil also abounded in the sea-trout and eel, 
and hence the large amount of residue they afforded. 

Comparing seriatim the first table with the second, the degree of difference 
of nutritive power of those articles standing highest in each, appears to be incon- 
siderable, and not great in the majority of the others, exclusive of the liquids,— 
hardly in accordance with popular and long received notions. 


2. Of the Peculiar Qualities of Fish, as Articles of Diet. 


I am not prepared to enter into any minute detail on this important subject, 
from want of sufficient data. 

That fish generally are easy of digestion, excepting such as have oil inter- 
fused in their muscular tissue, appears to be commonly admitted, as the result of 
experience,—a result that agrees well with the greater degree of softness of their 
muscular fibre, comparing it with that either of birds or of the mammalia, such 
as are used for food. 

A more interesting consideration is, whether fish, as a diet, is more conducive 
to health than the flesh of the animals just mentioned, and especially to the pre- 
vention of scrofulous and tubercular disease. 

From such information as I have been able to collect, I am disposed to think 
that they are. It is well known that fishermen and their families, living princi- 
pally on fish, are commonly healthy, and may I not say above the average; and 
I think it is pretty certain, that they are less subject to the diseases referred to 
than any other class, without exception. At Plymouth, at the Public Dispensary, 
a a good opportunity is afforded of arriving at some positive conclusion— some exact 
knowledge of the comparative prevalency of these diseases in the several classes 
of the community. The able physician of that institution, my friend, Dr Coox- 
WORTHY, at my request, has had the goodness to consult its records, and from a 
communication with which he has favoured me, it appears that of 654 cases of 
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entered in the register of the Dispensary, 234 males, 376 females, whose ages and 
occupations are given individually, the small number of four only were of fisher- 
men's families,—one male and three females,—which is in the ratio of one to 


- 163°2; and of watermen who fish with hook and line; when other work is 


scarce, generally very poor, and of habite generally by no means temperate or 
regular,” the number, including their farailies, did not exceed eleven, of whom 
ten were males, one a female, which is in the ratio of one to 58°8. The entries 
from which the 654 cases are extracted, Dr Cookwortuy states, exceed 20,000. 
He assures me, that had he taken scrofula in all its — the result would, he 
believes, have been more conclusive. 

Such a degree of exemption as this return indicates in the instances of fisher- 
men and boatmen, is certainly very remarkable, and deserving of attention, espe- 
cially considering the prevalency of tubercular consumption, not only in the work- 
ing classes generally throughout the United Kingdom, but also amongst the regular 
troops, whether serving at home or * and having an allowance of meat 
daily, but rarely tasting fish.* 

If the exemption be mainly owing to diet, and that a fish diet, it may be 
presumed that there enters into the composition of fish, some element not common 
to other kinds of food, whether animal or vegetable. This I believe is the case, 
and that the peculiar element is iodine. 

1 may briefly mention, that in every instance in which I have sought for this 
substance in sea-fish, I have found distinct traces of it, and also, though not so 
strongly marked, in the migratory fish, but not in fresh-water fish. The trials I have 
hitherto made have been limited to the following, viz., the Red Gurnet, Mackerel, 
Haddock, Common Cod, Whiting, Sole, Ling, Herring, Pilchard, Salmon, Sea-Trout, 
Smelt, and Trout. In each instance, from about a quarter a pound to a pound of fish 
was dried and charred, lixiviated, and reduced to ashes, which were again washed. 
From the sea-fish, the washings of the charcoal afforded a good deal of saline 
matter on evaporation; the washings of the ash less. The saline matter from 
both consisted principally of common salt, had a pretty strong alkaline reaction, 
and with starch and aqua regia, afforded, by the blue hue produced, clear proof 
of the presence of iodine. In the instance of the fresh-run Salmon, Sea-Trout, 
and Smelt, a slight trace of iodine was thus detected; in the spent Salmon de- 
scending to the sea, only a just perceptible trace of it was observable, and not a 
trace of it either in the Parr or in the Trout. 

That iodine should enter into the composition of sea-fish, is no more perhaps 
than might be expected, considering that it forms a part of so m of the inhabi- 


* In 1205 fatal cases, not selected, in which the lungs were examined at the General Hospital, 
Fort Pitt, Chatham, tubercles were found to exist in 734 (61°7 per cent.) See the author's Notes 
on the Ionian Islands and Malta,” vol. ii., p. 312, for details. 
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tants of the sea on which fish feed ;—to mention only what I have ascertained 
myself,—in the common Shrimp I have detected it in an unmistakeable manner, 
and also in the Lobster and Crab; and likewise in the common Cockle, Mussel, 
and Oyster. 3 

The medicinal effects of cod-liver oil, in mitigating if not in curing pulmonary 
consumption, appear to be well established. And as this oil contains iodine, the 
analogy seems to strengthen the inference that sea-fish generally may be alike 
beneficial. 

Should farther inquiry confirm this conclusion, the practical application of it 
is obvious; and fortunately, should fish ever come into greater request as articles 
of food, the facility with which they may be preserved, even without salt, by 
thorough drying, would be much in favour of their use. I lay stress on thorough 
drying, as that seems essential. for preservation, I believe even hygroscopic water 
should be excluded. Even in the instance of those articles of food which can be 
preserved in their ordinary dry state, the expulsion of this water would be advan- 
tageous under certain circumstances, were it merely on account of diminution of 
weight. Thus, referring to the second table, it will be seen that the Pemican, 
carefully prepared in the Portsmouth Victualling Office, lost by thorough drying 
13°75 per cent., so much being the water it contained in a hygroscopic state,—a 
lightening of weight that, to the Arctic land explorer, could not fail to be welcome 
and useful. 

The inference regarding the salutary effects of fish depending on the pre- 
sence of iodine, in the prevention of tubercular disease, might be extended to 
some other diseases, especially to that formidable malady goitre, the mitigation 
or cure of which has, in so many instances, been effected by iodine ; and which, 
so far as I am aware, is entirely unknown amongst the inhabitants of seaports 
and sea-coasts, who, from their situation, cannot fail to make more or less use 
of fish. 2 | 

Amongst the many questions that many be asked in addition to those I have 
proposed, I shall notice one more only, and that in conclusion. It is, whether the 
different parts of the same fish are likely to be equally beneficial in the manner 
inferred.— the beneficial effect, it is presumed, depending on the presence of iodine. 
From the few experiments I have yet made, I am led to infer, reasoning as be- 
fore, that the effects of different parts will not be the same, inasmuch as their in- 
organic elements are not the same. I may instance liver, muscle, and roe or milt. In 
the ash of the liver and muscle of sea-fish, I have always found a large proportion 
of saline matter, common salt abounding, with a minute portion of iodine,—rather 
more in the liver than in the muscle,— and free alkali, or alkali in a state to occa- 
sion an alkaline reaction, as denoted by test paper; whilst in their roe and milt 
I have detected very little saline matter, no trace of iodine, or of free alkali; on 
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the contrary, a free acid, the phosphoric, analogous to what occurs in the ash of 
the yolk of the domestic fowl,—and in consequence of which, the complete incine- 
ration of the roe of the fish and its milt, like that of the yolk of the egg, is very 
difficult. 

The same conclusion, on the same ground, viz., the absence of iodine, is appli- 
cable to fresh-water fish,—a conclusion that can hardly be tested by experience, 
nor is it of practical importance, since fish of this kind enters so sparingly into 
the ordinary diet of the a 


Lesxetn How, AmMBLEsIDz, 
April 14, 1853. 


P.S.—I have mentioned briefly the test employed to detect iodine. To prevent 

obscurity, may I be permitted to add a few particulars relative to the mode of 
- proceeding? On a portion of starch in fine powder, that is, in its granular state, 
aqua regia is poured, or about equal parts of nitric and muriatic acid, in a platina 
capsule, and then well mixed, using a glass rod. The salt to be tested, either in 
solution or solid, is then added. The blue tint due to the presence of iodine is 
immediately produced, if any of this substance, or a sufficiency of it to take effect, 
be present. The delicacy of this test is, I believe, well known. I have by means 
of it detected iodine, when one-tenth of a grain of the iodide of potassium was 
dissolved in 16775 grains of water. Relative to this method, I may further remark, 
that by well mixing the acid and starch, not only is the starch reduced to a gela- 
tinous state favourable for being acted on by the iodine as liberated, by the action 
of the chlorine, but also that the excess of chlorine is, to a great extent, got rid of. 
The platina capsule has appeared preferable to one of glass, as shewing the effect 
of colour by reflected light more readily and distinctly; and also, I am disposed 
to think, from some peculiar influence which the metal exercises, favouring the 
combination of the starch and iodine, similar, it may be, to that of spongy plati- 
num, in effecting the union of oxygen and hydrogen. 

In seeking for iodine in animal substances by incineration, it may be well to keep 
in mind, that, experimentally considered, the liability to error lies in underrating, 
rather than in overrating the result by the methods employed, and that mainly in 
consequence of more or less of loss of iodine being sustained in the process of com- 
bustion, incineration, and evaporation used. To illustrate this by a simple experi- 
ment, I may mention that a portion of water, equivalent to about 1525 grains, in 
which were dissolved 10 grains of common salt, and ‘09 grain of iodide of potas- 
sium, was quickly evaporated to dryness by boiling. Previously, the iodine could 
be detected in the mixture by the test I have used; but not afterwards, when the 
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residual salt was dissolved in the same quantity of water; proving how there had 
been a loss of the iodine in the operation of boiling ; a loss chemists are familiar 
with, of substances in themselves not volatile, carried off suspended in aqueous 
vapour. : 


In stating the comparative exemption of fishermen and their families from 


pulmonary consumption, as indicated by the Plymouth Dispensary return, I have 
not given the total number of this class of persons. This deficiency I am now 
able to supply. From information which I have received, for which I am indebted 
to the Registrar-General, it would appear, that of the total male population of 
Plymouth (24,605), the number of fishermen is 726, exclusive of 37 pilots. This 
large proportional number renders the fact of their exemption the more remark- 
able, and especially comparing them with a class of the population, altogether 
different in their habits, and, it may be presumed in their diet, using fish only 
occasionally when abundant and cheap,—these are the cordwainers or shoemakers, 
whose number altogether (males) is 608. Now, on consulting the Dispensary 
return, I find, that the total number of this class that have died of the disease 
under consideration, has been 37, viz., 19 males and 18 females ! 

Reflecting on the fact, that iodine has been detected in all the trials I = 
hitherto made on sea-fish, it seemed probable that guano, considering its origin, 
would not be destitute of this substance; and the result of experiments has been 
confirmatory; using the test-method noticed above, a distinct indication of its 
presence was obtained, both in the instance of the Peruvian and African guano, 
the only two I have yet tried. 


/ 
Lxusxeta How, June 1, 1853. 
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XLIIL—On Circular Crystals. By Sir Daviv Brewstez, K. H., D.C. L., F.R.S., 
V.P.R.S. Edin., and Associate of the Institute of France. (With Two Plates.) 


(Read 21st March 1853.) 


In 1836, Mr Fox TaLBot communicated to the Royal Society a paper On the 
Optical Phencinena of certain Crystals” which he obtained by dissolving a crystal 
of Borax in a drop of somewhat diluted Phosphoric acid. When the acid and the 
salt are in proper proportions, “the field of view of the microscope is seen co- 
vered with minute circular spots, each of which is like a tuft of silk radiating 
from a centre, and is composed of a close assemblage of delicate acicular crystals 
forming a star.” Among these crystals dre seen interspersed a number of cir- 
cular transparent bodies, which are tufts or stars of acicular crystals, in such close 
assemblage as to be in optical contact with each other, and to produce the ap- 
pearance of a single individual.” , 

When the field of the polarising microscope is dark, “ the little circles become 
luminous, and we see upon each of them a well-defined and dark cross, dividing 
the crystal into four equal parts.” With a high power, Mr TALRHOr observed upon 
each circle one or more coloured rings arranged concentrically ; the innermost, 
which was deeply coloured or black, enclosing a central space of white light, tra- 
versed by the black cross already mentioned. The general appearance, he adds, 
“ resembles the Fig. 98* in BrREwsTErR’s Treatise on Optics, which is a represen- 
tation of the rings in uniaxal crystals.” 

About twenty years} before the publication of Mr TaLBot’s paper, I had pro- 
duced minute circular crystals in Oil of Mace,—in a mixture of Oil of Mace and 
Rosin, and also in Tallow, when these substances were melted between two plates 


of glass, and cooled under pressure. The crystals thus produced were not them- 


selves visible in the microscope, but, in polarised light, they exhibited their exist- 
ence and their structure, in the formation of four luminous sectors traversed by a 
black cross. 

When we look through a plate of Oil of Mace properly prepared at a bright 
and small dise of light, the light is generally surrounded with a single halo, 
though sometimes with two. When the disc of light is polarised and subse- 
quently analysed, the halo is divided into four luminous sectors, separated by a 
rectangular black cross, which, from the divergency of its branches, had the ap- 
pearance of four dark sectors. The arms of the black cross were always parallel 

* me. 120 in the New Edition, just published. 
t Phil. Trans., 1815, p. 49, 38; and 1816, p. 97. 
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and perpendicular to the plane of primitive polarisation, and the disc of bright 
light disappeared at their point of intersection. In the opposite position of the 
analyser, the luminous disc appeared at the point of intersection, and the two 
luminous sectors that were horizontal were brighter than the two vertical ones. 
These phenomena are shewn in Figs. 1 and 2, Plate XVI. 

In some cases, the circular space enclosing the sectors was very ani and in 
others Jarge, and frequently when two halos were produced, there were two sets 
of luminous sectors, separated by an interval equal to that between the halos. 

It is very obvious that the halos were produced by the crystals of the Oil of 
Mace, the smaller halo by the larger crystals, and the larger halo by the smaller 
crystals existing among the larger ones. In order to explain the luminous sec- 
tors, I inferred that each halo was composed of two, the one lying above the other, 
and having every alternate sector polarised in opposite planes; or, in other words, 
that these two halos were the two images formed by the double refraction of the 
elementary crystals, and were oppositely polarised, as all such images are. But 
though this inference was correct, as I afterwards proved, yet I could not see with 
the microscope the actual form of the circular crystals by which the double re- 
fraction and polarisation were produced. 

After the publication of Mr TATnor's paper, I repeated the experiment with 
oil of mace, and having adopted different methods of cooling it under pressure, | 
soon discovered with the microscope, and by the aid of polarising films when the 
microscope could not alone detect the structure, that the phenomena which I have 
described were produced by circular crystals varying from invisibility to the 200th 
or 300th of an inch in diameter, and exhibiting, when of this size, distinct and 
beautiful sectors in polarised light. 

Having thus discovered a method* of distinguishing true quaquaversus po- 
larisation, or that which is produced by invisible crystalline particles with their 
axes lying in all directions, from that apparent quaquaversus polarisation which 
is produced by the same class of particles combined in circular crystals, I was 
anxious to prosecute the subject of circular crystallisation, by examining a great 
number of doubly-refracting substances. 

With this view I received from Mr Ta.zor the preparation of Borax and Phos- 
phoric acid which he had found to give the best circular crystals, and from Dr 
Dow ek of Richmond a quantity of the Lithoxanthate of Ammonia, which yields 
circular crystals with more certainty and less trouble than the preparation of 


* This method consists in placing a film of selenite (sulphate of lime) between the polariser 
and the substance to be examined. If the polarising structure is produced by circular crystals, it 
will appear covered with spots, or minute sectors, of two different colours, the one being a tint a 
little lower, and the other a tint a little higher, than that of the selenite. The higher tint is the sum 
of the tints of the two substances, and the lower their difference, the tint of the selenite being in- 
creased by that of two of the sectors, and diminished by that of the other two. 
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Borax. I was thus enabled to study the phenomena which they exhibit in their 
formation, their structure, and their subsequent decomposition. 

In the expectation of obtaining a greater variety of structure, and discovering 
new phenomena, I submitted to examination about 300 doubly-refracting sub- 
stances, and among these I discovered nearly seventy that give circular crystals, 
about thirty of which are positive, like Zircon, and forty negative, like Calcareous 
spar. 

In the course of these experiments, which have occupied much of my time, I 
have observed many new and splendid phenomena, which lay open an extensive 
field of research, and promise to throw much light on those abnormal crystallisa- 
tions which take place under the constraining influences of heat and pressure. 
and also on their subsequent decomposition and return to their molecular state. 

In submitting to the Society an account of these experiments, I shall begin 
with the Lithoxanthate of Ammonia, as it exhibits a greater variety of phenomena, 
aud is more easily converted into circular — than any other salts with 
which I am acquainted. 


1. Lithoxanthate of Ammonia.—This substance, under ordinary circumstances, . 
crystallises in minute prisms, often in beautiful dendritic forms, and in spherical 
groups of crystals in which the prisms are not in optical contact, and yet suffi- 
ciently united to exhibit the black cross at the centre of the sphere. 

When the circular crystals are produced, and are transparent, they have very 
different aspects in different specimens. In their simplest form, they are united 
in a continuous film, each circular crystal exhibiting four luminous sectors sepa- 
rated by a black cross, the arms of which are, of course, always parallel and 
perpendicular to the plane of primitive polarisation. The light polarised by the 
sector is the blue of the first order, often rising to the white, and sometimes to the 
yellow, of the same order. : 

When we look at a small and bright luminous disc through a film of such 
crystals, we see a halo, and sometimes two halos, the diameter of the halo dimi- 
nishing as the circular crystals increase in size. When the film is placed in the 
polariscope, the halo is converted into four luminous sectors, and into eight when 
it is double, exactly the same as those produced by oil of mace, and shewn in 
Figs. 1 and 2. 

When the circular crystals are separate, their structure is more complex, and 
their appearance more beautiful. In one of these, shewn in Fig. 3, I have ob- 
served, but only once, the three first orders of colours of thin plates, exactly like 
the uniaxal system of rings in regular crystals; and consequently, the thick- 
ness of the spicular crystals which composed them must have increased from the 
centre outwards, according to the law in Newron’s Table of Periodical Colours. 
This result was so remarkable, that I determined the character of the three 
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orders of tints, by compensating them with the corresponding tints of plates 
of selenite. 

In other discs the rings 2 and 3 have each the same colour throughout,—the 
one generally red and the other green, and having no relation, either to the central 
tint at 1, or to one another. In some cases the order of colours is completely 
inverted, as in Fig. 4, where the central tints are a blue of the second order, gra- 
dually passing through red and yellow to a brilliant white of the first order. In 
other crystals I have found the central tints red, green, and yellow, of high orders; 
but in these cases the discs are not regularly formed, and the elementary crystals 
not wholly in optical contact. 

The most perfect circular crystals are those in which the central tints are the 
blue and white of the first order. This arises from the extreme minuteness of the 
crystals, which thus form a more uniform disc, and cause the black cross to have 
a degree of sharpness, which it requires a considerable magnifying power to ex- 
_ hibit. In such crystals, the central portion is surrounded with a black and narrow 
ring, beyond which there is another annulus of sectors, sometimes white like the 
inner ones. This is again terminated by a black circle, beyond which is a third 
series of sectors, sometimes white and sometimes a Hue of the first order. This 
structure is shewn in Fig. 5, where the black cross starts into different breadths, 
in passing from one set of sectors to the others,—an effect which is produced by an 
inferior degree of optical contact in the elementary crystals of the outer sectors. 

An interesting structure is shewn in Fig. 6, where all the tints are white, the 
central ones terminating in a dark circle, beyond which are four large sectors, 
whose tint is the bluish white of the first order, lower than the central tint. Each 
of these sectors, however, is divided into four portions by very faint circular lines, 
which scarcely ‘epolarise the incident light, the tint being there a minimum, and 
increasing to the middle point between them. 

In Figs. 7 and 8, we have represented structures consisting of crystals, shoot- 
ing out, as it were, from the centre, and all of a golden-yellow colour. In Fig. 7, 
the black cross is seen, but in Fig. 8 there is such imperfection of contact be- 
tween all the radial crystals, that the darkness of those under the black cross 
is scarcely visible. : 

In dises like Fig. 7, a very singular effect is sometimes produced, as shewn in 
Fig. 9, where the black cross is so divergent and wide, that the golden-coloured 
crystals half-way between its branches, have the appearance of a yellow rectan- 
gular cross. 

Under favourable circumstances, the discs assume a very interesting and com- 
plex appearance, as shewn in Fig. 10. Beyond the central golden-yellow radia- 
tions is a broad annulus of pale blue of the first order, divided by a faint, dark, and 
narrow band, scarcely luminous. This annulus is surrounded by a sharp and 
broad line, perfectly black, which is succeeded by a similar line separated from 
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the other by a faint line of light, which, in some crystals, reaches the yellow of the 
first order. Beyond this is another annulus of pale blue light, divided, like the 
first, by a faint line. In some discs this annulus is divided into three, by two 
faint bands. Each sector of this annulus is subdivided by dark radial lines, into 
four or five spaces, and, sometimes, beyond this there is another annulus simi- 
larly divided, the tint of both being a white of the first order. 

The interesting fact in this description, and which will afterwards occupy our 
attention, is, that the two sharp black circular lines, or spaces, are wholly devoid of 
matter, and that the interior part of the disc is separated by them from the exterior 


Among the almost infinite variety of crystallisations which this substance pre- 
sents to us, I shall describe only another which, though we shall afterwards find 
it fully developed in other substances, occurs only in circular sectors of 30° or 45 
It is represented in Fig. 11, in its complete state, and consists of a series of con- 
centric circles, composed of crystalline patches, which generally polarise tints not 
higher than the yellow of the first order. Each concentric circle appears at first 
to be separated from its neighbour, and each crystalline patch from those adjacent 
to it; but though this is in some crystallisations the case, yet in general, we can 
observe between the patches, in all directions, crystalline matter so exceedingly 


attenuated, 5 is not made visible by its e polarised light. | 


2. Salicine.—In this substance, whether dissolved in water or in alcohol, I 
have found the most splendid circular crystallisations. They are generally very 
large, and their character is negative, like the rings in calcareous spar. When 
the crystals are small, and require a considerable power to be seen, their tint is 
the palest blue of the first order, but when their diameter is between the one-fifth 
and the one-thirtieth of an inch, and their tints those of the rst and second orders, 
they form, in the estimation of all who have seen _— one of the finest objects 
for the polarising microscope. 

One of the smaller crystals is shewn in Fig. 12, where the tint of the four 
sectors is bluish-white, while that of the circular rim is absolutely black, arising 
from the great thinness of the crystals which compose it. That they are trans- 
parent crystals and not opaque matter is proved in this, and in all similar cases, 


by turning round the analyser when the light freely permeates the rim, and has - 


a slightly yellow tinge, being complementary to what Newron calls, in his Table 
of Periodical Colours, the Beginning of Black. 

A larger disc of Salicine is shewn in Fig. 13, where there is a sharp black cross 
in the centre, surrounded with five or six narrow and concentric hach rings, which 
become white by turning the analyser; or we shall in future express it, in the 
white field. Beyond these central sectors, the black cross is wide and divergent. 
VOL. XX. PART IV. . 8c 
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The whole of this annulus, which forms the greater part of the disc, is composed 
of crystals radiating from the centre, and of inequal thickness in their breadth, so 
that we have the luminous sectors not of one colour, as in the Lithoxanthate of 
Ammonia, but of various tints from shite of the first to blue of the second order. 
The radiating crystals are sometimes sectors of 10° or 15°, of uniform thickness, 
and giving the same colour; and hence, the black cross is composed of sectors of 
different degrees of blackness as they are brought into the plane of primitive 
polarisation. Beyond this annulus, the disc terminates in a rim, like that of a 
carriage-wheel, composed of two or more concentric circles, between which the 
crystals are disposed in radial lines, sometimes not in optical contact, but exhibit- 
ing the same colours as those in the larger annulus. In discs of a considerable 
size, there are seen exceedingly minute and dark circles, about ten or twelve in 
number, which I have found to be cracks or lines of cleavage, and which are ac- 
companied with short lines of cleavage, passing radially from the one to the other. 
In these discs, there is another peculiarity which deserves to be noticed. In 
the coloured sectors, there are often circular spots and rings, in which the tint 
descends to zero, as if a drop of some solvent had fallen upon the crystal: and 
there are spots of an opposite kind, where the tint rises from that of the sector 
to higher tints, an effect probably produced by a particle of the crystal forming 
around itself, while dissolving, a thicker film, becoming thinner as it recedes from 
the particle. 
In some of the circular discs of Salicine, I have found the outer rim as wide as 
the interior portion, and in this case it polarises a b/wish-white of the first order: 
but, what is peculiarly worthy of notice, this rim is subdivided by faint concen- 
tric rings of different degrees of darkness, into, sometimes, twelve or fifteen annuli 
of different degrees of brightness. This seldom takes place in the interior portion 
of the disc, but when it does occur, and the tints are brilliant, the subdivison of 
the annulus into a number of concentric circles of different colours is singularly — 
beautiful. 


3. Asparagine.—The circularly polarising discs which this substance displays, 
resemble very much those of Salicine. They are more varied in their structure, 
and more beautiful in their tints. The rims of the discs are more highly coloured, 
and more uniform in their texture; and the concentric tints, whether they are all 
of different degrees of whiteness, or of higher orders of colours, are so perfectly 
regular, and so sharply defined, that the observer stands before them in mute ad- 
miration, and feels himself unable either to describe or to draw them. There are 
two peculiarities, however, which deserve to be noticed; the one, the existence of 
dises in which there is no circularly polarising structure; and the other, of discs 
exactly resembling, in the succession of black and white narrow rings, the systems 
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of rings seen round the star Capella, with annular apertures, and drawn by Sir 
Joun HERSCHEL.* 


4. Manna.—This substance gives fine circular crystals, which are negative, 
whether obtained from fusion or an aqueous solution. The crystals obtained by 
melting the Manna are the most perfect and beautiful. The intersection of the 
arms of the black cross is so sharp that it sometimes requires a considerable 
power to develope it, and the four minute sectors around it. Beyond this the 
crystals radiate uninterruptedly till they are stopped by meeting with other 
crystals, and the whole of them are joined together in a hexagonal mosaic pave- 
ment. The colours are very bright, varying from the shite of the first to the 
blue and green of the second order, and there is a uniformity in the tints, and 
consequently in the shading of the black cross, which indicates great equality in 
the elementary prisms, and in the forces which keep them in optical contact. 
The discs are seldom found separate, and they have no rims, no annuli, and no 
concentric cracks. 


5. Disulphate of Mercury.—This salt, dissolved in nitric acid, gives no circular 
crystals by rapid cooling; but, when the solution is cooled slowly, it yields posi- 
tive circular crystallisations of a square form, as shewn in Fig. 14, which under- 
go interesting variations. The rectangular cross is sometimes wanting, and is, 
as it were, replaced by black lines, which meet at the centre. These lines are 
sometimes black in the white field, and are then junction lines where the optical 
contact is imperfect. The greater number of the crystals in which these lines are 
more or less perfectly seen are rounded at the angles. Sometimes they are 
nearly circular, and the tint which they * is very little above the * 
of black of NR wWTOx's Table. 

When the crystals are thicker, they exhibit a singular variety of forms, of 
which I have given a specimen in Figs. 15, 16, 17, and 18, the relation of which 
to Fig. 14, will be easily recognised. The crystals shewn in Figs. 16 and 18 
were obtained from a weak solution of the salt, and are very interesting. In the 
dark field of the microscope, we see only the brilliant golden-yellow border, and 
it requires a strong light and a very high power to discover, in the black interior 
of the square, minute specks of light equally diffused over its surface. By a 
slight turn of the analyser, we perceive the slightly darker diagonal cross shewn 
in Fig. 16. These squares are often wholly and uniformly filled up with crystals 
of the same tint as their outline; and occasionally only part of the square is thus 
occupied. The small and often shapeless crystals (occasionally oval and pear- 
shaped), which form the outline of the square in Fig. 16, and of the cross in Fig. 


* Treatise on Light, § 770, Figs. 155, 156, 157, Plate IX. 
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18, have placed themselves in these positions after the interior crystal has been 
formed ; that is, they are not increments deposited by the solution, but have been 
formed at a distance from the crystal, and carried to their new position. This is 
proved by the fact that sometimes a mass of them surround several of the square 
crystals, while individual ones take their place at random upon the face of the 
square. When the crystals are deposited from a strong solution, the square ones 
become almost opaque, and the irregular ones highly coloured, and of exceedingly 
various shapes. I have not been able to obtain any square crystals of the disul- 
phate of mercury from its solution in muriatic acid.* 


6. Parmeline.—This substance, dissolved in water, has a tendency to give 
circular crystals. In alcohol it gives very fine ones, producing, when small, 
beautiful halos like oil of mace, with blue light in their centre. 


7. Asparagine and Salicine mixed.— After standing several months, this mixed 
salt produced small circular crystals, apparently of asparagine. These crystals 
gave brilliant halos of red and green light, of such a diameter that the individuals 
were only ;#o9tb of an inch in diameter. Among these small crystals were placed 
large circular discs, with curved sectors and black crosses, which gave them the 
appearance of the corolla of a flower with party-coloured petals. 


8. Palmic Acid. This substance, when melted by heat, gives very fine negative 
circular crystals like those in the hexagonal mosaic of manna. Theinsulated 
discs have a rim sometimes divided by broad black bands, where the substance 
was too thin to polarise the light. When the rim is broad and single, it is com- 
posed of narrow luminous sectors, radiating from points in the circumference of 
the disc. The rims are sometimes of a different colour from the principal sectors, 
and the latter are often subdivided by numbers of black and equidistant concentric 
circles. 


9. Nitrate of Uranium.—This salt gives fine negative circular crystals in 
water, alcohol, and ether. The crystals formed in the alcoholic solution deli- 
quesced in an instant, forming hemispherical bells, which polarised the light by 
oblique refraction, giving four luminous sectors, and a black cross very wide at 
the centre, like the sectors and cross produced by the hemispherical cups of de- 


In making these observations, and on many other occasions, I have felt the great inconvenience ~ 
of the present, and in general, perhaps the best, arrangement of the compound microscope. High 
powers being always obtained by object-glasses of short focal length, it is almost impossible, in 
-ransparent structures, to develope them, when they consist of lines or parts of different thickness. 
Vision is destroyed by the refractions and diffractions of the intromitted light. The only remedy for 
this is to use }-inch, or even 1 or 2-inch object-glasses, and obtain the power that is required at the 
eye-piece, by means of grooved and other lenses of diamond, garnet, &c. 
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composed glass. After the deliquescence of the crystals, I attempted to make 
another crop, but having failed, I set the piece of glass aside. In the course of 
half-an-hour, however, I found it covered with a fine and splendidly-coloured set 
of circular crystals, which dissolved wholly when placed in castor-oil with the 
view of preserving them. The light polarised by the bells above mentioned, 
formed a double ring, red on one side, and green on the other, with a black space 
between. 

Upon examining the solution in castor-oil, after having stood upwards of four 
years, I find that circular crystals of three different kinds have been formed, 
some small and very perfect, with four sectors and no rim; others with broad 
rims, with quaquaversus polarisation; and a third set in which the structure 
has been entirely decomposed, and the circular form of the disc preserved. 


10. Palmine.— This substance melts like tallow into a uniformly luminous 
film, apparently with quaquaversus polarisation; but upon examining it with a 
high power in the polarising microscope, it exhibits millions of circular crystals, 
each bearing its little black cross. These crystals are so minute as to produce 
splendid halos, which, in the polariscope, give four luminous sectors exactly like 
those in oil of mace. 


11. Chromic Acid. The circular crystal, of this substance, dissolved in water, 
are of a very peculiar kind. They are negative, and are very imperfectly repre- 
sented in Fig. 11, where the circular disc is composed of a great number of con- 
centric circles, whose tint is the blue of the first order, rising, in some cases, to 
the yellow of the same order. These circles may be described as rippled lines con- 
sisting of minute crystals, separated by others still more minute, and incapable of 
polarising the light. The system of concentric rings is traversed by the usual black 
cross. This salt gives another kind of crystals, in which are separate concentric 
rings without the black cross, and consequently with quaquaversus polarisation. 


12. Berberine.—This salt gives very fine circular crystals which are negative, 
and form beautiful halos like those in oil of mace. The ordinary crystals often 
form a number of crystalline rings in contact, each of which contains circular 
crystals of different sizes, and occasionally prismatic crystals along with them. 


13. Sulphate of Cadmium.—The sulphuret of cadmium, dissolved in nitric 
acid, is converted into sulphate, which gives beautiful negative circular crystals, 
varying from the 800th of an inch to the 3000th. After the sulphuret is melted, 
and the acid driven off, no crystallisation is seen, but in an hour or two a deli- 
quescence takes place, and the circular crystals gradually appear. There are 
many of them so small and thin, that they have no action on polarised light. 

VOL. XX. PART IV. 8D 


616 SIR DAVID BREWSTER ON CIRCULAR CRYSTALS. 


The solutions of this substance in muriatic and acetic acids gave no circular 
crystals. 


14. Sulphate of Ammonia and Magnesia.—When an aqueous solution of this 
salt is brought into a viscous state by heat, and slowly cooled, very beautiful cir- 
cular crystals are formed, sometimes large, and sometimes smaller than the’ 
1000th of an inch. Round some of them there is formed a radiant crystalline 
halo, separated by a black circle from the disc which gives the four luminous 
sectors. The polarisation of the crystals is positive, and they are perfect at the 
centre, unless when large and badly formed. 


15. Hatchetine, Cacao Butter, White Wax, Tallow, Adipocire, and all Soaps 
and different kinds of Fut, produce circular crystals like Oil of Mace, and give the 
same halos, which, in the polariscope, are divided into four sectors. 


16. Borax in Phosphoric Acid.—The crystals produced by this combination 
are those discovered by Mr TALnor, and have been already described. I mention 
them again, in order to notice the interesting hemispherical bells which I have 
observed when an aqueous solution is raised into froth by heat. These bells or 
bubbles indurate and polarise the light by refraction, as in the case of nitrate of 
uranium already mentioned. They are traversed by the black cross, and exhibit 
rings of colour, which are green at the centre, then red, then green and red again. 
Some of these bells contained smaller ones within them, in one case no fewer 
than eight; and in one of them I distinctly observed a crystalline structure, the 
minute crystals radiating from the apex of the bell. 


17. Mannite.— This substance gives circular crystals with more facility and 
certainty than any other which I have examined. When Mannite is melted by 
heat, it gives beautiful circular crystals. When dissolved in water they are very 
good. They are not good in alcohol or ether ; but in acetic acid the finest circular 
crystals are formed. The black concentric circles are peculiarly fine, and are, so 
far as the microscope can shew it, entirely free of matter. In the crystals from 
acetic acid, the sectors shade off into the arms of the black cross with such per- 
fection, that the circular disc loses its flat appearance, and seems to be composed 
of four solid cones, whose apices meet in the centre. In place of being circular 
the crystals are sometimes drawn out, as it were, into long cones, as shewn in 
Fig. 19, rounded at their summits, and having the appearance of solids of that shape. 
The black cross appears at the summit of the rounded cones, one of its arms, and 
sometimes two, according to the position of the plane of primitive polarisation, 
stretching out to the termination of the rounded cone. These cones are often 
crossed by tio, three, or four concentric arches, perfectly black. In these elon- 
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gated crystallisations, the elementary particles are in perfect optical contact, the 
tint which they produce being a bright white of the jirst order. At this period 
of their formation, a crystallised and semi-opaque crust is formed above many of 
them, the opacity arising from an imperfection in the optical contact. This crust 
sometimes cracks and falls off, leaving the perfect crystal beneath, or when it 
merely cracks, shewing the perfect crystal through the fissure. These incrusta- 
tions sometimes occupy the middle of the spaces between the black arches, m u. 
0 p, &c., and raise the tint to an orange-brown. In a specimen preserved in 
Canada balsam, the balsam has insinuated itself between the imperfectly-united 
elementary crystals, and made the crust so transparent, that the crystal beneath 
it is most distinctly seen, as if through a piece of glass. 

In some specimens, the optical contact is so imperfect, that groups of discs 
have a pale nut-brown semi-transparency, with the concentric black bands finely 
developed. 


In other specimens, we have every degree of transparency, up to absolute 
opacity. In some discs, the black cross is scarcely seen, and they seem as if they 


were composed of fine threads of worsted, from the sides of which other finer 


threads diverge. Such crystals are beautifully white by reflected light, and loox 


as if they were formed of fibres of white satin. 

An interesting peculiarity in the larger discs is shewn in Fig. 21, where each 
successive ring is formed by radiations from the margin of the preceding ring. 
These radiations or tufts are occasionally separate, as in the figure, but generally in 
optical contact, so as to form a luminous ring in which the tints are not uniform. 


In weak solutions of mannite, the crystallisations are exceedingly delicate, 
and the light which they polarise scarcely visible. 


18. Oxalurate of Ammonia (pure.)—This salt, to which my attention was 
called by Professor Grecory, and which, according to that chemist, is probably 
identical with the Lithoxanthate of Ammonia, gives very beasutifal negative cir- 
cular crystals. 

With weak aqueous solutions the discs are small and beautiful, and very much 
like those from Lithoxanthate of Ammonia, the cross sometimes consisting wholly 
of circular discs, and at other times of a few discs interspersed among dendritic 
crystallisations. 

From strong solutions the discs & are often nearly opaque, and round them are 
formed concentric rings, consisting of marginal radiations, as in Fig. 20, their 
elements being often in optical contact, and yielding different polarised tints. 
Occasionally we find discs, sometimes large ones, in which the central circle con- 
sists of tints of the green of the second order, with a feebly-developed black cross, 
descending to the white of the first order. This is followed by a narrow black 
concentric space, beyond which the ite tint reappears, and rises to the yellow of 
the second order, which again descends to white, thus completing the second ring. 
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Other three rings follow in succession, the shite tint rising to the yellow, and again 
falling to its original colour. Each of these five rings have precisely the same 
tints throughout their circumference, and when a number of such crystals appear 
in the dark field, they form objects of singular beauty. 

In some specimens, the discs have the appearance of cones, as in Mannite. 
They have, in the centre of the black cross, another cross whose arms bisect the 
sectors, having sometimes a white, or yellow, or green tint. This cross is surrounded 
with a faint ring, which separates it from large sectors of a bright pink colour. 

The circular discs are often composed of radial lines of different thicknesses, 
and in imperfect optical contact. Their tints consequently vary throughout the 
disc, and have a remarkable appearance. When the crystals are very small, they 
produce the polarised halos given by oil of mace. 


19. Hippuric Acid.—This salt gives imperfect discs when melted. With water, 
it gives good circular crystals, but very fine ones with alcohol. They have a great 
variety of forms and tints, depending on the strength of the solution; but they 
differ from other circular crystals in two points. The radial lines are often sepa- 
rated from one another by black spaces of the same breadth as the luminous 
radial lines, and the whole disc is covered with almost invisible concentric black 
circles, at equal distances from one another. They are seen most distinctly in the 
white field. The four central sectors are often surrounded with a ring separated 
from them by a black space entirely free from matter. In some specimens, the 
discs consist of eight or ten sectors of uniform thickness and tint, which become 
black when in the plane of primitive polarisation. In other specimens, the crys- 
tallisations are large, irregular, and highly coloured. 


Having thus described the phenomena exhibited by some of the more impor- 
tant circular crystals, I shall give a tabular list of the other substances in which I 
have found the property of giving circular crystallisations, arranging them under 
the heads of Positive and Negative, as formerly explained. 

Positive Circular Crystals. 


Sulphate of ammonia and magnesia. Sulphate of iron and ammonia. 
red oxide of manganese. des ny potash. 
Hydrate of potash. | a manganese and ammonia. 
Citrate of potash. ... Magnesia and ammonia, 
Muriate of morphia. sen zinc and potash. 
a: magnesi2. Disulphate of mercury. 
Almond soap. Mannite. 
Starch, ~ Citrate of ammonia. 
Substance in garnet. Myristic acid. 
np mica. Cuprose sulphate of potash. 
Chloride of strontian. Kreatinine. 3 


Sulphate of cobalt and ammonia. 


— — 
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Negative Circular Crystals. 
Borax in phosphoric acid. Sulphate of copper and iron. 
Lithoxanthate of ammonia. ine. 
Asparagine. magnesia of potash. 
Manna. copper of ammonia. 
Parmeline. zinc of ammonia. 
Palmie acid. 8 zinc. 
Palmine. Substance in garnet. 
Esculine. Stearine.“ 
Berberine. Stearic acid. 
Cinchonine. Palmitic acid. 
Theine. Acetate of strontian. 
Cacao butter. Chloride of zine. 
Hatchetine. Oxide of uranium. 
Animal fat. Protoxide of nickel. 
White wax. Phosphate of nickel. 
Chrysoleplinic acid. Carbonate of nickel. 
Succinate of zinc. Substance in mica. 
Chromic acid. Adipocire. 
Citric acid, Margaric acid. 
Nitrate of uranium. Ethal. 
urea. Oxalurate of ammonia. 
brucine. Kreatine. 
...  8trychnine. Carbazotate of potash. 
Gallic aci Sulphuret of potassium. 
Thianuret of ammonia. Hippuric acid. 
Sulphuret of cadmium. Santonine. 


To this list of substances which, under certain favourable conditions of crystal- 
lisation, after solution or fusion, give circular crystals, the perfection of which 
depends on causes over which the observer has little control, I may add the fol- 
lowing animal substances, in which the circular phenomena are produced, and 
in which, with one exception, the structure is negative, as the greater number of 
such structures seem to be. | 


Hoof of horse, both transverse and vertical. Hoof of rhinoceros. 

ass, transverse section. ; Horn of rhinoceros, transverse and vertical. 
Transparent aperture in the wing of the ... antelope. 

beetle. Hairs of animals, sections of. 


In examining the crystallisations of the Chromate and Protochloride of Mercury, 
and of the Sulphuret of Bismuth, I found that they exhibited the hemispherical 


* Stearine gives the same polarised halos as oil of mace. 
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bells already described, in which oblique refraction and the thinness of the film 
combine to produce beautiful coloured rings, with a black cross. 

In other crystals, such as Muriate and Citrate of Quinine, Codeine, and Nitrate 
of Codeine, I have observed the luminous sectors, and the black cross round the 
air-bubbles, which are formed after fusion, a phenomenon exactly the same as 
that which takes places round cavities in diamonds, amber, and other substances. 


Having thus described the principal phenomena of circular crystals, I shall 
now proceed to make a few observations on their formation and decomposition. 
Circular crystals are abnormal aggregations, which owe their existence to some 
disturbing cause. The natural tendency of the elementary molecules of the most 
perfect of them, is to combine with their homologous axes parallel to one another, 
and to form regular crystals ; and it is only when this tendency is counteracted 
by the quick application of heat or cold, by pressure, or by the nature of the sol- 
vent or of the combined ingredients, as in the case of borax and ‘phosphoric acid, 
that the molecules are constrained to arrange themselves round a centre, not 
merely in radiating prisms, as in Wavellite and some other minerals, but accord- 
ing to laws which could not have been anticipated from any known principles of 
crystallisation. If, owing to any disturbing cause, two molecules should be de- 
posited with their axes at right angles to each other, or four with their similar 
poles directed to the same point, this will lead to the formation of a circular disc, 
which will be of limited thickness, if the crystallisation takes place between two 
plates of glass pressed together, or to the formation of a spherical crystal, as in 
the Lithoxanthate of Ammonia, when there is room for its growth in all directions. 
The disc, or the sphere, might thus increase to a considerable size, if there was 
only one centre of crystallisation, but as the same causes have been operating all 
around, the size of the circular crystal is limited by the number of molecules 
within its sphere, or by its junction with the other dises around it. In this last 
case, they form a sort of mosaic, in which their shape is not circular, but bers 
gonal, as in manna, oil of mace, and many other substances. 

In the greater number of circular crystallisations, the tints are a minimum at 
the centre of the disc, and increase outwards, — that is, the molecules form a 
thinner film at the centre, which increases in thickness towards the circumference ; 
but in other cases the reverse of this takes place, and in the disc represented in 
Fig. 3, where the tints are those of Newron’s rings, some cause, which we cannot 
even conjecture, must have determined the atoms to unite according to the com- 
plex law which connects these tints with the thicknesses at which they are pro- 
duced. A cause of an opposite kind must have given birth to the disc shewn in 
Fig. 4, where the molecules form a thick film at the centre, which diminishes in 


thickness from nine to three as the tint passes from the central blue to the white 
at the circumference. 
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It is equally difficult to assign any reason for the production of the concentric 
bands of a uniform tint, which suddenly pass to another tint belonging to a 
different order of colours, and produced by a different thickness of material. A 
circular ring of green, for example, will pass per saltum, to a red of the next order, 
from a thickness of 9 to a thickness of 18; and this, according to a law which 
operates at every point of the circumference of the ring. Nor is this phenomenon 
less remarkable when the transition takes place in the very lowest order of tints, 
and at the smallest thickness of the film, as shewn in Figs. 6, 10, and 13, where 
the tint passes in repeated alternations from the pale blue to the beginning of 
black, rising to a nf“. of blue, and again descending to the minimum of 
black. 

The black rings or circles shewn in Figs. 5, 6, 10, and 13, require to be care- 
fully studied, and with the finest microscopes. In most cases they seem to be 
spaces devoid of crystalline matter; but they have in general another origin. A 
line often appears perfectly black, when it corresponds with the violet of the 
second order, which separates the indigo of the same order from the red of the 
Jirst order. Another set of lines appear black, from their being the junction lines 
of crystals not in perfect optical contact. A third set of black circles are pro- 
duced by the extreme thinness of the substance, which is not capable of polarising 
the rery black of NEwton’s scale, and the existence of which upon the glass plate 
can be ascertained only by the highest powers of a fine microscope. But though in 
all these examples there is no breach of continuity in the circular disc, yet there 
are cases, as in the double black ring in Fig. 10, where the corresponding space is 
devotd of all crystalline matter. The crystallisation of the disc had been completed 
at the inner margin of the first black ring, and by some repulsive power the 
molecules in the solution were kept at a distance from the completed disc, and de- 
posited themselves in a scarcely visible ring around the outer margin of the first 
black ring. The repulsive power again came into play; and another black ring 
intervened, the molecules being deposited at the same distance as formerly from 
the last-formed ring. What repulsive power this is, if it is not electrical, and 
how it operates, if it is electrical, we cannot even conjecture. 

Another remarkable peculiarity in circular crystals is shewn in Figs. 11 and 
12, where, as in chromic acid, the disc consists of alternations of dark and lumi- 
nous circles, equidistant from each other. The dark circles are composed of the 
acid in particles too small to polarise light, and the luminous ones of separate 
patches of crystalline matter thick enough to give the blue and sometimes the 
white of the first order, and separated from one another by matter too thin to 
polarise light. In some rare cases, the spaces between the circles and between 
the patches are, like the black rings formerly described, devoid of crystalline 
matter. The separation of the patches in this case, is no less remarkable than 
the separation of the luminous circles. In the Adipocire from Paris, the tint of 
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the patches sometimes reaches the yellow of the first order, and its crystallisation 
has a very singular appearance. 

When the molecules of the same body, or those of different bodies, are com- 
bined under the influence of disturbing causes, we may reasonably expect that 
their union will neither be strong nor permanent. When regular crystals are 
melted by heat, either alone or along with other bodies, their molecules are forced 
into positions of unstable equilibrium, and the natural tendency of similar poles 
to unite is aided by every mechanical vibration, and every variation of tempera- 
ture to which they are exposed. Different kinds of glass, for example, in which 
earths, alkalies, and metals may have been combined by fusion, are thus com- 
pletely decomposed by time, and the elementary particles, liberated from their 
constrained position, resume their place in crystals regularly formed. The spe- 
cimens of ancient glass found at Nineveh, and in various parts of Italy and 
Greece, have undergone the most remarkable decomposition, and some of it 
converted into a sort of indurated mass, which can be broken between the fingers. 
The character of these decompositions, and the process by which they are effected, 
I have had occasion to describe in the Appendiz to Mr Layarp’s new work on 
Nineveh and Babylon.* The same principles operate in the decomposition of cir- 
cular crystals, and the same phenomena are exhibited in their restoration to their 
original state. 

In circular crystals the, decomposition takes place in different ways. In those 
from borax and phosphoric acid, which I have had occasion to watch month after 
month for several years, the decomposition generally begins at the centre, which 
is dissolved, or occupied by a number of minute prisms, with their axes lying in 
every direction. These prisms sometimes are arranged in a ring round the centre, 
and I have seen them like a St Andrew’s cross. In other crystals, the decompo- 
sition goes on in radial lines or streaks, where the optical contact has not been 
complete; but in the more perfect crystals it takes place in concentric circles, 
sometimes double, the colours between each pair of circles being different. Nu- 
merous cavities are formed,—pieces of the crystal separate, and irregular crystals 
are often formed in the solution. Decomposition sometimes takes place without 
solution: the crystal preserves its form, the black circles are granulated, and the 
colours wholly disappear. In one of the specimens in my possession, every 
crystal has vanished, and their elements converted into beautiful prisms, united 
like a bunch of straw tightened at the middle. Between these groups there are 
numerous flat crystals, of considerable size, and of a perfectly uniform tint. All 
these decompositions have been the work of several years; and in the course of 
one year more there will not be found a vestige of the original crystals. 

In Manna the transformation of the circular into their component crystals 


* Discoveries in the Ruins of Nineveh and Babylon. By Austen H. Lavan, M.P. Appendix, 
p. 674-676. 
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goes on more slowly, and in a more singular manner. It commences at the hexa- 
gonal junctions of the discs, all of which become black by transmitted, but white 
by reflected light. These minute crystals, which are transparent when separate, 
diffuse themselves around, as if they had fallen in a shower. The same kind of 
decomposition goes on in radial lines, and a granular decomposition takes place 
over the coloured sectors, commencing at their centre, obliterating the black cross, 
and destroying the tints of all orders. 

In Oil of Mace, the decomposition is effected in a single night. The area of 
the disc is filled with drops of fluid and atoms of solid matter which have no 
action upon light, while an opaque ingredient occupies its circular margin. 

In Palmerine and some other crystals, the film decays in spots, where the tint 
descends from that of the film to zero in concentric circles, while in other spots 


the tint rises in similar rings, as if the atoms, liberated from one spot, had been 
deposited in another. 


‘Such are the details respecting the nature, formation, and decomposition of 
circular crystals, which I wish to submit to the Society. Lengthened as they are, 
they are but a brief abstract of the numerous observations, which, during the 
last ten years, I have made on this class of bodies. Their bearing upon unsettled 
questions in the molecular philosophy cannot be doubted. If it is in the agency 
ol its ordinary laws that we recognise the beauty and harmony of the material 
universe, it is in the abnormal phenomena which so often perplex us, that Nature 
discloses her mysteries and reveals her laws. 


Sr Leonarp’s Colton, St ANDREWS, 
15th March 1853. 
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Monday, November 26, 1849. ) 
At a Statutory General Meeting, Dr Curistiso, V-P., in the Chair, the following 


Office-Bearers were duly elected :— 


Sir T. Batwssanz, Bart., G. C. B., G. C. H., President. 


Sir D. Brewster, K. H.. 

Very Rev. Principal Lx, 

Right Rev. Bishop Treanor, 

Dr Cnutsrisox, 

Dr Atison, 

Hon. Lord 

Professor Fonnxs, General Secretary. 
Dr Gaecory, 


Vice-Presidents. 


G Secretaries to the Ordinary Meetings. 


Jom RusszLL, Esq., Treasurer. 


Dr Tall; Curator of Library and Instruments. 


Jour Starx, Esq., Curator of Museum. 


COUNSELLORS. 


Sir Wu. Bart. 
Rev. Dr J. Roperrtson. 
CnaRLES Esq. 
J. T. Gisson-Craic, Esq. 
James Datmanoy, Esq. 
Dr Georce WILsox. 


Sir Joux MNIIL, G.C.B. 
Joux Cay, Esq. 

Professor KeLLanp. 

Very Rev. E. B. Ramsav. 
Dr J. V. Smesox. 

James WIIsox, Esq. 


The following Committee was appointed to audit the Treasurer’s accounts :— 
J. T. Grsson-Cratce, Esq. Joun Cay, Esq. D. Surrn, Esq. 


The Meeting then adjourned. 


(Signed) R. CHRISTIS0Ox, V. P. 


Memorandum. January 7, 1850.—At the Ordinary Meeting of this date, Sir Tuomas 
M. BrisBaNB, Bart., in the Chair, the Chairman stated that the Council had caused to be 
prepared a Memorial to the proper authorities, expressive of a desire that the Trigonometri- 
cal Survey should now be carried on in Edinburghshire. The Memorial was read, and, on 
the motion of Dr FLEMING, seconded by Mr Suit of Jordanhill, was unanimously adopted, 
and ordered to be transmitted to the Superintendent of the Trigonometrical Survey of Great 


Britain. 
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Memorandum.—February 18, 1850.—Of this date, the Council reported that, having 
been requested to nominate a Committee of the Society, to act as Members of a General 
Committee about to be formed for the furtherance of the Great Exhibition of Manufactures, 
&c., in London, in 1851, they had named Dr TRAILL, Professor C. P1azzi Smytu, and Dr 
GrorGeE WILsoN. Thereafter Mr Sheriff Cay’s name was proposed and accepted as an 
additional Member of Committee. 


Memorandum.—Monday, March 4, 1850.—At the Ordinary Meeting of this date, the 
following motion, of which notice had been given at last Meeting, was made by Dr Curistison, 
seconded by Dr TRAILL, and unanimously carried,—‘“ That Edinburgh having been fixed 
upon for the Twentieth Annual Meeting of the British Association for the Advancement of 
Science, which is to take place in August next, it is requisite that a Subscription be imme- 
diately set on foot for defraying the necessary expenses attendant on the reception of that 
Body. 

“ That the noblemen and gentlemen of Scotland generally, especially those resident in 
Edinburgh, be as soon as possible requested to enrol their names as subscribers to such a 
fund; and that a hope be expressed that Public Bodies and Chartered Societies will be in- 
duced to contribute their aid, as far as they may possess the means, in increasing the amount 
of this fund. 

“ That the Royal Society of Edinburgh having been one of the channels through which 
the invitation to the British Association to hold its Meeting this year in Edinburgh was 
conveyed, shall forthwith commence a Subscription among its own Fellows, and shall nomi- 
nate a Committee to co-operate with the local Office-Bearers of the Association, and with 
the other Public Bodies in promoting this and other objects connected with the Meetings. 

“That the sum of £50 be paid out of the funds of the Royal Society on account of this 
Subscription, and that all the Members of the Society be specially invited to contribute 
individually to this fund, it being understood that no donation should be of less amount than 
One Guinea.” 


Monday, November 25, 1850. 


At a Statutory General Meeting, Hon. Lord Murray, V.P., in the Chair, the following 
Office-Bearers were duly elected 


Sir T. Maxpoveat Bart., G.C.B., G. C. II., President. 
Sir D. Brewster, K. H., 
Very Rev. Principal Lux, 
Right Rev. Bishop Terror, 
Dr CuristIson, | 
Dr Alisox, } 
Hon. Lord Murray. 
Professor Forses, General Secretary. 
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Jonx Esq., Treasurer. 
Dr Taartt, Curator of Library and Instruments. 
James Wison, Esq., Curator of Museum. 


COUNSELLORS. 
James Datmanor, Esq. Dr J. V. Smarsow. 
Dr Grone His Grace the Duke of Arey. 
Sir Jonx M‘Nett, G. C. B. Hon. Lord Ivory. 
Joun Car, Esq. Rev. Dr Fizmine. 
Professor Professor Goopsir. 
Very Rev. E. B. Ramsar. Rev. J. Hawnan. 


The following Committee was appointed to audit the Treasurer’s accounts :— 
J. T. Grason-Craic, Esq. Joun Cay, Esq. James Waker, Esq. 


(Signed) Jonx A. Murray, V. P. 


Memorandum.—January 20, 1851.—At the Ordinary Meeting of this date it was 
agreed, on the motion of His Grace the Duke of ARGYLL, seconded by Professor Fonkxs, 
that this Society should address Her Majesty’s Government in favour of a more urgent pro- 
secution of the Trigonometrical Survey of Scotland. A remit was made to the Council to 
prepare and transmit a Memorial on the subject, and the names of ALEXANDER KEITH 
JOHNSTON, Esq., and Davip MILNE, Esq., were added for that purpose to those of the 
Council Committee. 


Monday, November 24, 1851. 


At a Statutory General Meeting, Joux RusszLL., Esq., Treasurer, in the Chair, the fol- 
lowing Office-Bearers were duly elected :— 


Sir T. MaxpoucaLt Baisnaxx, Bart., G.C.B., G.C.H., President. 
Sir D. Baewsrza, K. H., 
Very Rev. Principal Lax. 
Right Rev. Bishop Terror. 
Dr Cnnisrisox. 
Dr A.ison, 
Hon. Lord Murray. 
Professor Forszs, General Secretary. 
8 to the Ordi M in 
Jom RussxLL, Esq., Treasurer, 
Dr Trait, Curator of Library and Instruments. 
James Wirson, Esq., Curator of Museum. 
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Vice-Presidents. 


The Meeting then adjourned. 
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COUNSELLORS. 
Professor KELLanp. Rev. J. Hannan. 
Dr J. V. Sumpson. Dr AnpERson. 
His Grace the Duke of AndYLL. Rosert Cuamsers, Esq. 
Hon. Lord Ivory. J. T. Grason-Craic, Esq. 
Rev. Dr Fiemine. Wa. Swan, Esq. 


Professor Goopsir. Professor WILLIAM THomson. 


The following Committee was appointed to audit the Treasurer’s accounts :— 


J. T. Greson-Cratc, Esq., W.S. James Waker, Esq., W'S. WILIA T. Tuousox, Esq. 


The Meeting then adjourned. 
(Signed) Jonx 


Memorandum. November 24, 1851. —At a Statutory General Meeting of this date, 
Joux RUSSELL, Esq., Treasurer, in the Chair, a letter from Sir THOMAS M. BRISBANE, Bart. 
to the Secretary was read, stating that as, on account of the illness of one of his family, he in- 
tended passing the winter in England, he considered it right to tender his resignation as 
President of the Society. 
It was moved by the Chairman, and unanimously agreed to, that “ the Meeting should 
direct the Secretary to express to Sir Taomas M. BriIsBANE their regret at the cause which 
is likely to prevent his attendance this session; but, as they trust that this cause will be 
temporary, they would request him to withdraw his resignation, and hope that at a future 
period he will be able to resume the Chair, the duties of which he has so ably discharged.” Jf 


Memorandum.—December 12, 1851.—At a Meeting of Council of this date, the acting 
General Secretary read extract of letter from Sir T. M. BRisBANR to Professor ForBEs, 
in which he expressed his compliance with the request of the Society, made at the first Gene- 


ral Meeting of this session, that he would withdraw his resignation of the Presidentship 
which he had then tendered. 


Memorandum.—January 5, 1852.—At an Ordinary Meeting of this date, Sir D. Brew- 
sTER, V. P., in the Chair, a Memorial to the Lords of the Treasury regarding the formation 
in Edinburgh of a Museum of Economic Geology, and praying for the extension of the Geolo- 
gical Survey to Scotland, was read and approved of, and ordered to be 8 after 
signature by Sir THOMAS M. BRISBANE, to the Treasury. 

N. B.— The Memorial above referred to was transmitted accordingly, and its receipt 


acknowledged, on 13th February 1852, by Mr GgonͥdR CorRNWALL LEWIS, the Secretary to 
the Treasury. 


Monday, November 22, 1852. 


At a Statutory General Meeting, Right Rev. Bishop Terrot, V. P., in | the = the 
following Office-Bearers were duly elected :— 
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Sir T. Maxpoveatt Bnisnaxx, Bart., G.C.B., G. C. H., President. 
Sir D. Brewster, K. H., 
Very Rev. Principal Lex, 

Right Rev. Bishop Terror, 

Dr Curistison, 

Dr Altsox, 

Hon. Lord Murray, 

Professor Forses, General Secretary. 

Secretaries to the Ordinary Meetings. 
Joun Russert, Esq., Treasurer. 

Dr Trait, Curator of Library and Instruments. 

James Witson, Esq., Curator of Museum. 


* 


Vice-Presidents. 


COUNSELLORS. 
Rev. Dr FLEMIxd. Wu. Sway, Esq. 
Professor Goopsir. Professor WILLIAM THomson. 
Rev. J. Hannan. Dr J. H. Bennett. 

Dr ANDERSON. Dr J. H. Barrovr. 

Rosert Cuamsers, Esq. Anprew Coventry, Esq. 

J. T. Grason-Craic, Esq. Rev. Dr James Grant. 
The following Committee was appointed to audit the Treasurer's accounts :— 

J. T. Grsson-Craic, Esq. Joun Macxenziz, Esq. James Cunnincuam, Esq. W. S. 

The Meeting then adjourned. 


(Signed) C. H. TER ROT, V. P. 


Memorandum.—Monday, November 22, 1852.—At a Statutory General Meeting of this 
date, the Right Rev. Bishop TERROT in the Chair, a letter was read from Professor FoRBEs of 
6th curt., in which, in consequence of the state of his health requiring a renewed leave of absence 
from Edinburgh, he unreservedly resigned the office of General Secretary, which the Society 
had done him the honour to confer upon him for a series of years, an honour which he stated 
he ever highly prized. After a few observations by the Right Rev. Chairman, expressive of 
the Society’s regret at this intimation, and of the high estimation in which Professor FORBES _ 
was deservedly held (in which observations the Society most cordially concurred), it was 
moved by Professor CuRrisTIsON, “ That Professor FORBES be requested to withdraw his re- 
signation.” This motion was immediately and unanimously adopted by the Society, and the 
acting General Secretary was instructed to communicate the resolution to Professor FORBES. 


Memorandum.—In reference to Professor FoRBES’s proposed resignation of the General 
Secretaryship, and the resolution of the Society regarding it, as recorded in the preceding 
Minutes of the last Statutory General Meeting, it is to be here noted that the acting General 
Secretary communicated to Professor ForBEs the unanimous resolution and request of the 
Society that he should withdraw his resignation, and that a letter of date the 24th day of 
November was duly received from Professor FORBES, in which, in accordance with the wishes 
of the Society, he withdrew his resignation, 


— — 


LIST OF MEMBERS ELECTED. 


MEMBERS ELECTED. 


December 3, 1849. 
His Grace the Duke of Arcr.t, 


December 17, 1849. 
The Most Noble the Marquis of Twrxppae. 


January 7, 1850. 
W. J. Macauory Ranking, Esq., C.E. 


January 21, 1850. 
Avex. Keita Jonxsrox, Esq. Dr Joun Scorr, F. R. C. P. 
Dr Suxnibax Musprart, Liverpool. 


February 18, 1850. 
Dr James Stark. (Re-admitted). 


March 4, 1850. 
Lieut. W. DnuiscolL Gosset, R.E. Dr Setzer, P.R.C.P.E. 


March 18, 1850. 
Professor Buacksurn, Glasgow. Tomas Graincer, Esq., C. E. 


April 15, 1850. 
ALEXANDER Kemp, Esq. 


December 2, 1850. 


Dr R. D. Tuomsow, Glasgow. Dr Morten Grover, Newcastle. 


December 16, 1850. 
Bsrian Esq. Dr J. S. Compe. 
Dr Srrrral. (Re-admitted). 


February 3, 1851. 
Sir Davin Dunpas, Bart. 


February 17, 1851. 
Sir Grone Dovatas, Bart. 


March 3, 1851. 
Joun Srewarr, Esq. Dr Jonn 


April 7, 1851. 
E. W. Dallas, Eg. 
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April 21, 1851. 
Rev. Dr James Grant. 


December 15, 1851. 
Rev. A. Barry, Glenalmond. Sir James Ramsay, Bart. 


January 19, 1852. 


Erne B. Powext, Esq., Madras. Tuomas Esq. Perth Academy. 
Aten DaLzELIL, Esq. 


February 2, 1852. ~ 
Dr Joux Wr, late Physician-General, Madras. 


February 16, 1852. 
James Cunnincuam, Esq., W.S. 


April 5, 1852. | 
James W. Grant, Esq. of Elchies. 


December 6, 1852. 
Avex. James Russext, Esq., C.S. Dr Anprew FLMuIxd, Bengal. 


January 4, 1853. 
Major Epwarp Mappen. Dr James Watson, Bath. 
L..ieut RonzuT Mactacan, Bengal Engineers. 


February 7, 1853. 
Rev. Dr Roserr Lez. Professor J. S. Bracke. 
| Right Rev. Bishop Trower, D. D. | 


February 21, 1853. 
James M. Hoe, Esq. of Newliston. Rev. Joux Cummine, D.D., London. 
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LIST OF THE PRESENT ORDINARY MEMBERS, 


IN THE ORDER OF THEIR ELECTION. 


General Sir THOMAS M. BRISBANE, Bart., G.C.B, &., F. R. S. Lond. 
PRESIDENT. 


Date of 
Election. 
1798 Alexander Monro, M.D. 


1799 Robert Jameson, Esq., Professor of Natural History. 
1807 John Campbell, Esq., of Carbrook. 
1808 James Wardrop, Esq. 
Sir David Brewster, K. H., LL.D. F.R.S, Lond., St Andrews. 
1811 General Sir Thomas Makdougall Brisbane, Bart., G.C.B., G.C.H., F.R.S. Lond. 
James Jardine, Esq., Civil Engineer. | 
J. G. Children, Esq., F. R. S. Lond. 
Alexander Gillespie, Esq., Surgeon. 
W. A. Cadell, Esq., F. R. S. Lond. 
1812 James Pillans, Esq., Professor of Humanity. 
Sir George Clerk, Bart., F.R.S. Lond. 
1813 William Somerville, M.D., F.R.S. Lond. 
1814 Right Honourable Lord Viscount Arbuthnot. 
John Fleming, D.D., Professor of Natural Science, New College. 
Alexander Brunton, D.D. 
1815 Henry Home Drummond, Esq., of Blair-Drummond. 
William Thomas Brande, Esq., F.R.S. Lond., Professor of Chemistry in the Royal Institution. 
1816 Leonard Horner, Esq., F.R.S. Lond. 
Honourable Lord Fullerton. 
1817 John Wilson, Esq., late Professor of Moral Philosophy. 
Alexander Maconochie, Esq., of Meadowbank. 
William P. Alison, M.D., Professor of the Practice of Physic. 
Robert Bald, Esq., Civil Engineer. 55 


LIST OF ORDINARY MEMBERS. 
Date of 
Election. 
1818 Robert Richardson, M. D., Hurrowgate. 
Patrick Miller, M. D., Freter. 
John Watson, M. D. 
Right Honourable John Hope, Lord Justice - Clork. 
1819 Patrick Murray, Esq., of Simprim. 
Thomas Stewart Traill, M.D., 
Alexander Adie, Esq. . 
Marshall Hall, M. D., 
Richard Philips, Esq., F.R.S. Lond. 
Reverend William Scoresby, Ezeter 
George Forbes, Esq. 
1820 James Keith, M.D., Surgeon, 
Charles Babbage, Esq., F.R.S. Lond. 
Sir John F. W. Herschel, Bart., F.R.S. Lond. 
John Shank More, Esq., Professor of Scots Law. 
Robert Haldane, D. D., Principal of St Mary's College, St Andrews. 
Dr William Macdonald, Professor of Natural History, St Andrews. 
Sir John Hall, Bart., of Dunglass. 
Sir George Ballingall, M.D., Professor of Military 8 
1821 Sir James M. Riddell, Bart., of Ardnamurchan, 
Archibald Bell, Esq., Advocate. 
John Clerk Maxwell, Esq., Advocate. 
John Lizars, Esq., Surgeon. 
John Cay, Esq., Advocate. 
Robert Kaye Greville, LL.D. 
Robert Hamilton, M.D. 
1822 James Smith, Esq., of Jordanhill, F.R.S. Lond. 
William Bonar, Esq. 
George A. Walker-Arnott, LL.D., Professor of Botany, Glasgow. 
Very Reverend John Lee, D.D., Principal of the University of Edinburgh. 
Sir James South, F.R.S. Lond. 
Lieutenant-General Martin White. 
Walter Frederick Campbell, Esq. 
Sir W. T. Trevelyan, Bart., Nettlecombe, Somersetshire. 
Sir Robert Abercromby, Bart., of Birkenbog. 
Dr Wallich, Calcutta. 
John Russell, Esq., P.C.S. 
John Dewar, Esq., Advocate. 

823 Sir Edward Ffrench Bromhead, Bart., A. M., F. R. S. Lond., Thurlsby Hall. 
Captain Thomas David Stuart, of the Hon. East India Company's Service. 
Andrew Fyfe, M.D., Professor of Medicine and Chemistry, King’s College, Aberdeen. 
Robert Bell, Esq., Advocate. 

Admiral Norwich Duff. 
Warren Hastings Anderson, Esq. 
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Date of 
Election. 


1823 


1824 


1825 
1826 


1827 


1828 


LIST OF ORDINARY MEMBERS. 


Alexander Thomson, Esq., of Banchory. 

Liscombe John Curtis, Esq., Jngsdon House, Devonshire. 
Robert Christison, M.D., Professor of Materia Medica. 
John Gordon, Esq., of Cairnbulg. 

Alexander Wilson Philip, M.D., London. 

Robert E. Grant, M.D., Professor of Comparative Anatomy, University College, London. 
Reverend Dr William Muir, one of the Ministers of Edinburgh. 
W. H. Playfair, Esq., Architect. 

John Argyle Robertson, Esq., Surgeon. 

James Pillans, Esq. 

James Walker, Esq., Civil Engineer. 

William Wood, Esq., Surgeon. 

Honourable Lord Wood. 

Sir David Hunter Blair, Bart. 

Dr John Maewhirter. 

John Gardiner Kinnear, Esq. 

James Russell, M.D. 

Reverend Dr Robert Gordon, one of the Ministers of Edinburgh. 
James Wilson, Esq. 

Very Reverend Edward Bannerman Ramsay, A.M., Camb. 
George Swinton, Esq. 

Erskine Douglas Sandford, Esq., Advocate. 

David Maclagan, M.D. 

Sir William A. Maxwell, of Calderwood, Bart. 

John Forster, Esq., Architect, Liverpool. 


Thomas Graham, A. M., Professor of Chemistry, London University. 


1829 


1830 


David Milne Home, Esq., Advocate. 

Dr Manson, Nottingham. 

William Burn Callander, Esq., of Prestonhall. 

A. Colyar, Esq. 

Sir William Gibson-Craig, Bart. 

James Ewing, LL.D., Glasgow. 

Right Honourable Duncan M‘Neill, Lord Justice - General. 
Venerable Archdeacon Sinclair, Kensington, 2 
Arthur Connell, Esq., Profesor of Chemistry, St Andrews. 
Bindon Blood, Esq., M. R. I. A. 

James Walker, Esq., W. S. 

William Bald, Esq., M. R. I. A. 

J. T. Gibson-Craig, Esq., W. S. 

Sir Archibald Alison, Bart., Sheriff of Lanarkshire. 
Honourable Mountstuart Elphinstone. 

James Syme, Esq., Professor of Clinical Surgery. 

James L’Amy, Esq., Sheriff of Forfarshire. 

Thomas Barnes, M.D., Carlisle. 


| 
| 
| | 
| 
| ˖ 
| 
| 
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"1631 James D. Forbes, Esq., F. R. S. Lond., Professor of Natural Philosophy. 
Right Honourable Lord Dunfermline. 
Donald Smith, Esq. 
O. Tyndal Bruce, Esq., of Falkland. 
David Boswell Reid, M.D., London. 
1832 John Sligo, Esq., of Carmyle. 
James F. W. Johnston, A. M., Professor of Chemistry in the University of Durham. 
William Gregory, M.D., Professor of Chemistry. 
Robert Allan, Esq., Advocate. 
Robert Morrieson, Esq., Hon. E. I. C. Civil Service. 
Montgomery Robertson, M.D. 
1833 Captain Milne, R. N. 
His Grace the Duke of Buccleuch, K.G. 
David Craigie, M.D. 
Sir John Stuart Forbes, Bart., of Pitsligo. 
Alexander Hamilton, Esq., LL. B., W.S. 
Right Honourable Earl Cathcart. 
1834 Mungo Ponton, Esq., W.S. 
Isaac Wilson, M.D., F.R.S. Lond. 7 
David Low, Esq., Professor of Agriculture. 
Patrick Boyle Mure Macredie, Esq., Advocate. 
John Davies Morries Stirling, Esq. 
Thomas Jameson Torrie, Esq. 
John Haldane, Esq., Haddington. 
William Sharpey, M.D., Professor of Anatomy, University College, London. 
1835 John Hutton Balfour, M.D., Professor of Botany. 
Right Honourable Lord Campbell. 
William Brown, Esq., F. R. C. S. 
R. Mayne, Esq. 
1836 David Rhind, Esq., Architect. 
Archibald Robertson, M.D., F. R. S. Lond. 
1837 John Archibald Campbell, Esq., W. S. 
John Scott Russell, Esq., A.M. 
Charles Maclaren, Esq. 
Archibald Smith, Esq., M.A. Camb., Lincoln’ 8 Inn, London. 
Richard Parnell, M.D. 
Peter D. Handyside, M.D., F. R. C. S. 
1838 Thomas Mansfield, Esq., Accountant. 
Alan Stevenson, Esq., Civil Engineer. 
1839 David Smith, Esq., W.S. : 
Adam Hunter, M.D. 
Rev. Philip Kelland, A.M., Professor of Mathematics. 
William Alexander, Esq., W.S. 
F. Brown Douglas, Esq., Advocate. 
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Date of 
Klection. 


1839 Colonel Swinburne. 
1840 Alan A. Maconochie, Esq., Professor of Civil Law, Glasgow. 
Martyn J. Roberts, Esq. 
Robert Chambers, Esq. 
James Forsyth, Esq. 
Sir John M‘Neill, G.C.B. 
John Cockburn, Esq. 
Sir William Scott, Bart., of Ancrum. 
Right Reverend Bishop Terrot. 
Edward J. Jackson, Esq. 
John Learmonth, Esq., of Dean. 
John Mackenzie, Esq. 
James Anstruther, Esq., W.S. 
1841 John Miller, Esq., Civil Engineer. 
George Smyttan, M.D. 
James Dalmahoy, Esq. 
1842 James Thomson, Esq., Civil Engineer, Glasgow. 
John Davy, M.D., Inspector-General of Army Hospitals. 
Robert Nasmyth, Esq., F.R.C.S. 
Sir James Forrest, Bart., of Comiston, 
James Miller, Esq., Professor of Surgery. 
John Adie, Esq. 
John Goodsir, Esq., Professor of Anatomy. 
1843 A. D. Maclagan, M. D., F.R.C.S. 
John Rose Cormack, M. D., F. R. C. P., Putney. 
Allen Thomson, M. D., Professor of Anatomy, Glasgow. 
Joseph Mitchell, Esq., Civil Engineer, Inverness. 
Duncan Davidson, Esq., of Tulloch, 
Andrew Coventry, Esq., Advocate. 
John Hughes Bennett, M.D., F.R.C.P., Professor of Physiology. 
D. Balfour, Esq., Younger of Trenaby. 
Henry Stephens, Esq. 
1844 The Honourable Lord Murray. 
Arthur Forbes, Esq., of Culloden. 
J. Burn Murdoch, Esq., Advocate. 
Archibald Campbell Swinton, Esq., Professor of Civil Law, 
James Begbie, M.D., F.R.C.S. | 
James Y. Simpson, M.D., Professor of Midwifery. 
David Stevenson, Esq., Civil Engineer. 
Thomas R. Colledge, M.D., F. R. C. P. E. 
1845 James Andrew, M. D. 
George Wilson, M.D, 
John G. M. Burt, M.D, 
Thomas Anderson, M. D., Professor of Chemistry, Glasgow. 


LIST OF ORDINARY MEMBERS. 


Date of 
Election. 
1846 A. Taylor, M.D., Pau. 


S. A. Pagan, M.D. | 
Reverend Dr James Robertson, Professor of Divinity and Ecclesiastical History. 
Alexander J. Adie, Esq., Civil Engineer. 

William Murray, Esq., of Henderland. 

George Turnbull, Esq. 

L. Schmitz, LL.D., Ph.D., Rector of High School. 

Charles Piazzi Smyth, Esq., Professor of Practical Astronomy. 


1847 George Makgill, Esq., of Kemback. 


1848 


1849 


David Gray, Esq., Professor of Natural Philosophy, Marischal College, Aberdeen. 
William Thomson, Esq., M.A. Camb., Professor of Natural Philosophy, Glasyow. 
J. II. Burton, Esq., Advocate. | 

James Nicol, Esq., Professor of Natural History, Aberdeen. 

William Macdonald Macdonald, Esq., of St Martins. 

Robert Handyside, Esq., Solicitor-General, 

Alexander Christie, Esq. 

John Wilson, Esq., Agricultural College, Cirencester. 

Moses Steven, Esq., of Bellahouston. 

James Tod, Esq., W.S., Secretary to the Royal Scottish Society of Arts. 
Thomas Stevenson, Esq., C.E. 

James Allan, M.D., Haslar Hospital, | 

Reverend John Hannah, D.C.L., Rector of the Edinburgh Academy. 
Henry Davidson, Esq. 

Patrick Newbigging, M.D. 

William Swan, Esq. 

Reverend Francis Garden. 

Patrick James Stirling, Esq. 

William Stirling, Esq., of Keir, M.P. 

John Thomson Gordon, Esq. Sheriff of Mid-Lothian. 

Right Honourable Lord Rutherfurd. 

D. R. Hay, Esq. 

William Thomas Thomson, Esq. 

Honourable Lord Ivory. 

Honourable Lord Anderson. 

William E. Aytoun, D.C.L., Professor of Rhetoric and Belles Lettres. 
W. H. Lowe, M.D., Balgreen. 

Honourable B. F. Primrose. 

John Stenhouse, M. D., Islington. 

David Anderson, Esq., of Moredun. 

W. R. Pirrie, M.D., Professor of Surgery, Marischal College, Aberdeen. 
Right Honourable The Earl of Minto, G.C.B. 

Right Honourable The Earl of Aberdeen, K. T. 

Right Honourable The Earl of Haddington, K. T. 

His Grace The Duke of Argyll. 
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Date of 
1849 The Most Noble the Marquis of Tweeddale, K. T. 


1850 William John Macquorn Rankine, Esq., C.E. 
Alexander Keith Johnston, Esq. 
Sheridan Muspratt, M.D., Liverpool. 
James Stark, M.D. (Re-admitted.) 
Captain W. Driscoll Gosset, R.E. 
William Seller, M.D., F.R.C.P.E. 
Hugh Blackburn, Esq., Professor of Mathematics, Glasgow. 
Alexander Kemp, Esq. 
R. D. Thomson, M.D., London. 
Mortimer Glover, M.D., Newcastle. 
Beriah Botfield, Esq. 
J. S. Combe, M.D. , 
1851 Sir David Dundas, Bart., of Dunira. 
Sir George Douglas, Bart., of Springwood Park. 
John Stewart, Esq., of Nateby Hall. 
E. W. Dallas, Esq. 
Reverend Dr James Grant, one of the Ministers of Edinburgh. 
Reverend A. Barry, Glenalmond. 
Sir James Ramsay, Bart., Banf House. 
1852 Eyre B. Powell, Esq., Madras. 
Thomas Miller, Esq., Perth Academy. 
Allen Dalzell, Esq. 
James Cunningham, Esq., W.S. 
James W. Grant, Esq., of Elchies. 
Alexander James Russell, Esq., C.S. 
Andrew Fleming, M.D., Bengal. 
1853 Major Edward Madden. 
James Watson, M.D., Bath. 
Lieut. Robert Maclagan, Bengal Engineers. 
Reverend Dr Robert Lee, Professor of Biblical Criticism and Biblical Antiquities. 
John S. Blackie, Esq., M. A., Professor of Greek. 
Right Reverend Bishop Trower, D.D. 
James M. Hog, Esq., of Newliston. 
Reverend John Cumming, D.D., London. 
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LIST OF NON-RESIDENT AND FOREIGN MEMBERS, 
_ ELECTED UNDER THE OLD LAWS. 


— 


NON-RESIDENT. 
Sir James Macgrigor, Bart., M.D. 
Richozd Griffiths, Esq., Civil Engineer. 
FOREIGN. 


Dr S. L. Mitchell, New York. 
M. P. Prevost, Geneva. 


LIST OF HONORARY FELLOWS. 


His Majesty the King of the Belgians. 

His Imperial Highness the Archduke John of Austria. 
His Imperial Highness the Archduke Maximilian. 

His Royal Highness Prince Albert. 


FOREIGNERS (LIMITED TO THIRTY-SIX.) 


* M. Arago, Paris. 
M. Biot, Do. 
* M. de Hammer, Vienna. 
* M. de Humboldt, Berlin. 
M. Agassiz, | United States. 
M. de Bernstein. Berlin. 
M. Cauchy, Paris. 
M. de Charpentier, Bex 
M. Cousin, Paris. 
_M. Degerando, Do 
M. Charles Dupin, Do. 
M. Ehrenberg, Berlin. 
M. Elie de Beaumont, Paris, 
M. Encke, Berlin. 
M. Flourens. Paris. 
M. Gauss, Gottingen, 
M. Guizot, Paris. 
M. Haidinger, Vienna. 


W.B.—The four names marked thus * in the preceding list, were included in the original Honorary List prior to 
the change of the Law distinguishing British Subjects from Foreigners. 
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LIST OF HONORARY FELLOWS, 


M. Hansteen, Christiania, 
M. Hausmann, Géttingen. 
M. Lamont, Munich. 
M. Leverrier, Paris. 

M. Liebig, Giessen. 
M. Melloni, Naples. 
M. Mitcherlich, Berlin, 

M. Miiller, Do. 

M. Necker, Geneva. 
M. Plana, Turin. 

M. Quetelet, Brussels. 
M. Gustav Rose, Berlin. 

M. Struve, Pulkowa. 
M. Thenard, Paris. 

M. Tiedemann, 3 Heidelberg. 


BRITISH SUBJECTS (LIMITED TO TWENTY, BY LAW X.) 


J. C. Adams, Esq., Cambridge. 
G. B. Airy, Esq., Greenwich. 
Robert Brown, Esq. London. 

Dr Faraday, Do. 

Sir John Franklin, Do 
Professor Graham, Do 
Henry Hallam, Do. 

Sir W. R. Hamilton, Dublin. 

Sir John F. W. Herschel, Bart., Collingwood. 
Sir William J, Hooker, Kew. 

W. Lassell, Esq., Liverpool. 
Dr Lloyd, Dublin. 

Sir Charles Lyell, London, 

Sir Roderick I. Murchison, Do. 
Richard Owen, Esq., Do. 

Sir W. E. Parry, Do. 

Karl of Rosse, Parsonstown. 


Kev. Dr Whewell, Cambridge. 


LIST OF FELLOWS DECEASED, RESIGNED, OR CANCELLED. 


LIST OF FELLOWS DECEASED, RESIGNED, OR CANCELLED, 


FROM JULY 1849 to SEPTEMBER 1853. 


HONORARY FELLOWS DECEASED. 


M. Berzelius, Stockholm. 

M. Gay-Lussac, Paris. 

M. Audubon, United States. 

M. Alexandre Brongniart, Paris. 
M. de Buch, Berlin. 

M. Bürg, Vienna. 

M. Jacobi, Konigsberg. 

M. Neander, Berlin. 

M. Oersted, Copenhagen. 

M. Schumacher, Altona. 

Sir M. I. Brunel, London. 
William Wordsworth, Rydal Mount. 


ORDINARY FELLOWS DECEASED. 


Thomas Thomson, M. D., F.R.S.L., Professor of Chemistry. 
George Dunbar, Esq., Professor of Greek. 
Thomas Thomson, Esq., Advocate, P. C. S. 
Sir Henry Jardine. 
Patrick Neill, LL.D. 
Robert Stevenson, Esq., C. E. 
Henry Colebrooke, Esq. 
Right Honourable Earl of Wemyss and March. 
Sir D. J. Hamilton Dickson, M.D. 
James Muttlebury, M.D. 
Right Honourable David Boyle. 
Thomas Guthrie Wright, Esq. 
Sir John Mead, M.D. 
A. R. Carson, LL.D. 
Dr Lawson Whalley. 
Admiral Sir Charles Adam, K.C.B. 
Sir William Newbigging. 
Right Honourable Lord Ruthven. 
John Stark, Esq. 
Thomas Brown, Esq., of Lanjine. 
Captain Sir Samuel Brown, R.N. 
T. S. Davies, Esq., A.M. 
James Dunlop, Esq. 
George Buchanan, Esq., C.E. 
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LIST OF FELLOWS RESIGNED OR CANCELLED. 


William Copland, Esq., of Colliston. 

Sir J. Macpherson Grant, Bart. 

Sir Alexander Gibson Carmichael, Bart. 

William Nicol, Esq. 2 
Henry Marshall, M. D., Deputy Inspector-General of Hospitals. 
John Scott, M. D., F. R. C. P. E. 

John Kinnis, M.D. 

Robert Bryson, Esq. 

Thomas Grainger, Esq., C.E. 

James Spittal, M. D. 

John Wylie, M.D., late Physician-General, Madras, 
John Steuart Newbigging, Esq., W.S. 

General Morison, C.B., Madras Artillery. 


RESIGNATIONS. 


A. T. J. Gwynne, Esq. 
William Scot, Esq., H. E. I. C. S. 


James Auchinleck Cheyne, Esq. 
George J. Gordon, Esq. 

John Hall Maxwell, Esq. 
William Balfour, Esq. 


ELECTIONS CANCELLED. 


The Venerable Archdeacon Williams. 
W. Preston Lauder, M.D. 
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The following Public Institutions and Individuals are entitled to receive Copies of the 
Transactions and Proceedings of the Royal Society of Edinburgh ;— 


ENGLAND, 


The British Museum. 

The Bodleian Library, Oxford. 

The University Library, Cambridge. 

The Royal Society. 

The Linnean Society. 

The Society for the Encouragement of Arts. 

The Geological Society. 

The Royal Astronomical Society. 

The Royal Asiatic Society. 

The Zoological Society. 

The Royal Society of Literature. 

The Horticultural Society. 

The Royal Institution. 

The Royal Geographical Society. 

The Statistical Society. 

The Institution of Civil Engineers. 

The Institute of British Architects. 

The Ordnance Geological Survey. 

The Hydrographical Office, Admiralty. 

The Medico-Chirurgical Society. 

The Atheneum Club. 

The Cambridge Philosophical Society. 

The Manchester Literary and Philosophical 
Society. 

The Yorkshire Philosophical Society. 

The Chemical Society of London. 

The Museum of Economic Geology. 

The United Service Museum. 

The Institute of Astronomers, London. 


The Leeds Philosophical and Literary Society. 


SCOTLAND. 
Edinburgh, University Library. 
Advocates’ Library. 
College of Physicians. 
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| Edinburgh Highland’ and Agricultural Society. 


Wernerian Society. 
Royal Medical Society. 
Society of Arts. 


Glasgow, University Library. 


St Andrews, University Library. 
Aberdeen, Library of King’s College. 


IRELAND. 


The Library of Trinity College, Dublin. 
The Royal Irish Academy. 


COLONIES, &e. 


The Asiatic Society of Calcutta. 
The Literary and Historical Society of Toronto. 


CONTINENT OF EUROPE. 


Amsterdam, Royal Institute of Holland. 
Berlin, Royal Academy of Sciences. 
Berne, Society of Swiss Naturalists. 
Bologna, Academy of Sciences. 
Bonn, Cesarean Academy of Naturalists. 
Brussels, Royal Academy of Sciences. 
Buda, Literary Society of Hungary. 
Copenhagen, Royal Academy of Sciences. 
Frankfort, the Senkenbergian Museum. 
Geneva, Natural History Society. 
Göttingen, University Library. 
Haarlem, Natural History Society. 
Lille, Royal Society of Sciences. 
Lisbon, Royal Academy of Sciences. 
Munich, Royal Academy of Sciences. 
Moscow, Imperial Academy of Naturalists. 
Neufchatel, Museum of Natural History. 
Paris, Royal Academy of Sciences. 

... Geographical Society. 

... Royal Society of Agriculture. 

8 M 
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Paris, Society for Encouragement of Industry. 
... Geological Society of France. 
. Ecole des Mines, 
Marine Depot. 
... Museum of Jardin des Plantes. 
Rotterdam, Batavian Society of Experimental 
Philosophy. 
Stockholm, Royal Academy of Sciences. 
St Petersburg, Imperial Academy of Sciences. 
180 M. Kupffer, Pulkowa Observatory. 
Turin, Royal Academy of Sciences. 


— — —— 


— 


Turin, M. Michelotti. 


UNITED STATES OF AMERICA, 
Boston, the Bowditch Library. 
Philadelphia, American Philosophical Society. 
Yale College, Professor Silliman. 
Washington, the Smithsonian Institution. 
(All the Honorary and Ordinary Fellows of the 
Society are entitled to the Transactions and 
Proceedings.) 


The following Institutions and Individuals receive the Proceedings only ;— 


| ENGLAND. 
The Scarborough Philosophical Society. 
The Whitby Philosophical Society. 
The Newcastle Philosophical Society. 
The Geological Society of Cornwall. 
The Ashmolean Society of Oxford. 
The Literary and Philosophical Society of Liver- 


pool. 
SCOTLAND. 


The Philosophical Society of Glasgow. 


| 


COLONIES. 


The Literary and Philosophical Society of Quebec. 
CONTINENT OF EUROPE, 
Utrecht, the Literary and Philosophical Society. 


UNITED STATES. 


Professor Dana, Connecticut. 


Academy of Natural Science, Philadelphia. 


CQ 

| — 
| 
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LIST OF DONATIONS. 


(Continued from Vol. XVI., p. 648.) 


December 3, 1849. 


DONATIONS. 

Address delivered at the Anniversary Meeting of the Geological Society of London, 
16th February 1849. By Sir H. de la Beche. 8vo. 

Proceedings of the American Philosophical Society. Vol. v., No. 41. 8vo. 

Journal of the Statistical Society of London. Vol. xii., Part 2. 8vo. 

Scheikundige Onderzoekingen, gedaan in het Laboratorium der Utrechtsche Hooge- 
school. 64 Deel, 1ste, 3%, & Stuk. 8yo. 

The American Journal of Science and Arts. Vol. vii., Nos. 21, 22, and 23. 8vo. 
Edited by Professors Silliman and Dana. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. New Series, 
No. 25. 8vo. 

Quarterly Journal of the Geological Society of London. Nos. 16 and 18. 8vo. 

Bulletin de la Société Géologique de France. Tom. iv., & Tom. i. & ii. 24 
Série. 8vo. 

Sixteenth Annual Report of the Royal Cornwall Polytechnic Society, 1848. 8vo. 

The Journal of Agriculture, and Trassactions of the Highland and Agricultural 

Society of Scotland. No. 25, N. S., July 1849. gro. 


The Journal of the Royal Geographical Society of London. Vol. xix., Part 1, 


1849. 

Verhandelingen der Eerste Klasse van het Kongeliche Nederlandsche Instituut van 
W pen, Letterkunde, en Schoone Kunsten te Amsterdam. 3de Reeks, 
Isten Deels, 2de Stuk. to. 

Tijdschrift voor Wis-en Natuurkundige Wetenschappen, uitgegeven door de Eerste 
Klasse van het K. Nederlandsche Instituut van Wetenschappen, Letterkunde, 
en Schoone Kunsten. 2% Deel, 3¢ & 4% Afleverings. 8vo. 

Report of the Eighteenth Meeting of the British Association for the Advancement 
of Science, held at Swansea, in August 1848. 8vo. 

Neue Denkschriften der Allgemeine Schweizerischen Gesellschaft fiir die gesammten 
Naturwissenschaften. Bde. viii. & ix. to. 


Verhandlungen der Schweizerischen Naturforschenden Gesellschaft bei ihrer Ver- 


sammlung zu Winterthur 1846 & 1847. 8vo. 

Mittheilungen der Naturforschenden Gesellschaft in Bern. Nos. 87-134. 8vo. 

Die Wichtigsten Momente aus der Geschichte der drei ersten Jahrzende der 
Schweizerischen Naturforschenden Gesellschaft. 1848. 8vo. 

Antiquités Celtiques et Antedilaviennes. Mémoire sur l'Industrie primitive et les 
arts à leur origine. Par M. Boucher de Perthes. 8vo. 
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DONORS, 
The Author. 
The Society. 
Ditto. 
The University. 
The Editors. 
Ditto. 
The Society. 
Ditto. 
Ditto. 
The Publishers. 
The Institute. 
Ditto. 
The Association. 
The Society. 
— — Ditto. 
Ditto. 
Ditto. 
The Author. 


648 LIST OF DONATIONS. 
DONATIONS. 
Meteorologische Beobach auf Veranstaltung der Naturforschenden 
Gesellschaft in Zürich. 1837-46. Ato. 


Denkschrift zur Feier des hundertjahrigen Stiftung festes der Naturforschenden 
Gesellschaft in Zürich am 30 November 1846. 4to. 

Mittheilungen der Naturforschenden Gesellschaft in Zurich. 
8v0. 

Proceedings of the American Philosophical Society. Vol. v., January, March, 
1849. No. 42. gro. 

The Progress of the development of the Law of Storms, and of the Variable Winds, 
with the practical application of the subject to Navigation. By Lieut.-Colonel 
William Reid. 8vo. 

On the Geological Structure of the Al and Carpathians, more espe- 
cially to prove a transition from 4 Rocks, and the deve- 
lopment of Eocene Deposits in — — By Sir Roderick Impey 
Murchison. 8vo. 

Account of the effect of a Storm on Sea-Walls or Bulwarks on the coast near 
Edinburgh, as illustrating the principle of the construction of Sea-Defences. 
By W. M. Rankine. 8vo. 

An Equation between the Temperature and the maximum elasticity of Steam and 
other vapours. By W. M. Rankine. 8vo. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. No. 200, 
February 1849. 8vo. And N. S., No. 28, April 1849, and No. 203. 

Journal of the Statistical Society of London. Vol. xii., Parts 3 and 4. 3 o. 

J ne of the Geological Society of Dublin. Vol. iv., Part 1. 8vo. 

e of the Calcutta Public Library. 8vo. 

Flore atava. 159 Aflevering. 4to. 

A Letter addressed to the Earl of Rosse, President-Elect of the Royal Society. 
By Marshall Hall, M.D. 8vo. 

On the Neck as a Medical 21 and on Trachelismus; on Hidden Seizures; on 
Paroxysmal Apoplexy, Paralysis, Mania, Syncope, &c. By Marshall Hall, 
M. D. 8vo. 

Astronomical Observations made at the Radeliffe Observatory. By Manuel J. 
Johnson. 1842, 1843, 1844, 1845, 1846, 1847. Vol. iii—viii. 8vo. 

Journal of the Indian Archipelago and Eastern Asia. Vol. iii., Nos. 1, 2, 3, 4. 
8vo, 

Memoirs of the Ganglia and Nerves of the Uterus. By Robert Lee, M.D. 

On the Ganglia and Nerves of the Heart. By Robert Lee, M.D. 4to. 

Athenwum.— Rules and Regulations, List of Members, &. 1847. 12mo. 

Annual Report—General Abstract of Accounts. 1848. 

Description of a Machine for Polishing Specula, with Directions for its use. By 
W. . 4to. 


Ato. 


December 17, 1849. 


The Astronomical Journal. Vol. i., No. 1. 4to. 

Twenty-Ninth Report of the Council of the Leeds Philosophical and Literary So- 

| ciety. 1848-49. gro. 

Smithsonian Contributions to Knowledge. Vol. i. Published by the Smithsonian 
Institution. 4to. 

Report, &c., of Smithsonian Institution. 1849. 8vo. 

Fauna Antiqua Sivalensis, being the Fossil Zoology of the Sewalik Hills, in the 
North of India. By Hugh Falconer, M. D., and Proby T. Cautley, F. G. 8. 
Parts i. and ix. Fol. 

Do. do. ress. Part i. 8vo. 

nited States Exploring Expedition during the years 1838, 1839, 1840, 1841, 

and 1842, under the command of Charles Wilkes, U. S. N. Atlas. Zerbe 

By James D. Dana, A.M. Imp. Fel. 


Heft i. (No. 118). 


DONORS. 
The Society. 
Ditto, 


Ditto. 
Ditto. 
The Author. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
The Society. 
Ditto. 
The Council. 
King of Holland. 
The Author. 
Ditto. 
| Radcliffe Trustees. 
| The Editor. 
| The Author. 
| Ditto. 
The Atheneum. 
Ditto. 
The Author. 
The Editor. 
The Society. 
The Institution. 
Ditto. 
The Authors. 
Ditto. 
Ditto. 
Ditto. 


LIST OF DONATIONS. 


DONATIONS. 
Astronomical Observations made at the Royal O „Greenwich, in the 
year 1847, under the direction of George B. Airy, Esq. 4to. 


Philosophical Transactions of the Royal Society of London for the year 1849. 
Parts i. and ii. to. 
List of Fellows, &c., of the Society, 30th November 1848. 4to. 


Proceedings of the Royal Society. 1848. Nos. 71 and 72. 8vo. 


January 7, 1850. 
Phenomena Diosemeia of Aratus, translated into English verse, with Notes. 
By John Lamb, D.D. 8vo. 

Abstract of Exposition on the of Materials. Read before the Royal 
Scottish Society of Arts at the request of the Council. By George Buchanan, 
F.R.S.E. 8vo. 

Sopra alcuni punti della Teoria del Moto dei Liquidi. Memoria del Prof. P. 
Tardy. 4to. 

Annalen der Königliche Sternwarte bei München, herausgegeben von Dr J. Lamont. 
Bde. 1 & 2. 8vo. 


Journal of the Asiatic Society of Bengal. Edited by the Secretaries. Nos. 204 


and 205. 8vo. 

Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. No. 27, N. S., January. 8vo. 

Mémoires de l' Académie Royale des Sciences, &., de Belgique. Tom. xxviii. 4to. 

Annuaire del Académie Royale des Sciences, &., de Belgique. Tom. xv., 2™¢ 
partie. Tom. 16, Ire partie. 8vo. 


January 21, 1860. 


Annuaire ique et Météorologique du Corps des Ingénieurs des Mines; ou 
Recueil d’Observations Météorologiques et étiques faites dans l’entendue 
de l’empire du Russie, par A. T. Kupffer. Nos. 1 & 2, 1849. to. 

Verhandelingen der Eerste Klasse van het Kongeliche Nederlandsche Instituut van 

Wetenschappen, Letterkunde, en Schoone Kunsten te Amsterdam. 3% Reeks, 
Deel 1, Stuk 3 en 4. 4to. 

Tijdschrift voor de Wis-en Natu ige Wetenschappen ui door de 
Eerste Klasse van het Kongeliche Nederlandsche Instituut van Wetenschappen 
te Amsterdam. 34¢ Deel, 1 & 2 Afleverings. 8vo. . 

Jaarboek van het Kongeliche Nederlandsche Instituut van Wetenschappen, Letter- 
kunde, en Schoone Kunsten te Amsterdam, 1847, 1848, 1849. 8vo. 

Catalogue of 2156 Stars, formed from the Observations made during Twelve Years, 
from 1836 to 1847, at the Royal Observatory, Greenwich. to. 

Proceedings of the Philosophical Society of Glasgow, 1848-9. Vol. iii., No. 1. 8vo. 

Quarterly Journal of the Chemical Society of London. No. 8. 8vo. 

Proceedings of the Royal Astronomical Society. Vol. X., No. 2. 8vo. 


February 4, 1850. 
Philosophical Transactions of the Royal Society of London, 1849. Part II. 4to. 
Kongl. Vetenskaps Akademiens Handlingar, för 1847 and 1848, 8vo. 
Arsberittesler om Botaniske Arbeten och Uptiickter for 1843 and 1844. 8vo. 
Arsberiittelse om Framstegen i Kemi under Ar. 1847. Gro. 
Arsberiittelse om Technologiens Framsteg. 1842, 1843, 1844, 1846. 8vo. 
Ofversigt af Kongl. Vetenskaps. Akademiens Forhandlingar. 1848. 8vo. 


The Society. 
The Academy. 
Ditto. 
The Academy. 
Ditto. 
Ditto. 
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DONORS, 
The Observatory. 
The Society. 
Ditto. 
Ditto. 
The Author. 
Ditto. 
Ditto. 
The Observatory. 
— The Editors. 
The Society. 
The Academy. 
Ditto. 
The Russian Go- 
vernment. 
The Academy. 
Ditto. 
Ditto. 
The Royal Society, 
London. 
The Society. 
Ditto. 
Ditto. 


650 LIST OF DONATIONS. 


February 18, 1850. 
DONATIONS, DONORS. 
The London University Calendar. 1850. 12mo. The Publishers. 


The American Journal of Science and Arts. Conducted by Professors Silliman The Editors. 
and Dana. Vol. ix., No. 25. 8vo. 

Mémoires de |’Académie Impériale des Sciences de St Pétersbourg. Sixiéme Série. The Academy. 
Sciences Mathématiques, Physiques et Naturelles. Tome viiive, 2™¢ partie. 
Sciences Naturelles. Livraisons 3™¢, 5™¢, et 6me. to. 

Mémoires présentés à l' Académie Impériale des Sciences de St Pétersbourg, par Ditto. 
divers Savants et lus dans ses Assemblées. Tome vine. Livraisons 2™° et 
Ato. 

Messungen zur Bestimmung des Höhenunterschiedes zurischen dem Schwarzen The Authors. 
und Caspischen Meere. Von G. Fuss, Sawitsch, und Sabler. 4to. 

Rapport fait a l'Académie Imperiale des Sciences de St Pétersbourg, par W. The Author. 
Struve, sur une mission scientifique dont il fut chargé en 1847. Ato. 

W. Struve sur la Dilatation de la Glace d’aprés les expériences faites en 1845 et The Authors. 
1846 a l’Observatoire Central de Poulkova, par MM. Schumacher, Pohrt, et 
Moritz. 4to. 


Uber Prof. Mädlers Untersuchungen über die Eigenen Beweyungen der Fixsterne, The Author. 
von C. A. F. Peters, Dr. 4to. 

P. H. Fuss Nachricht iiber eine Sammlung Unedirter Handschriften Leonhard Ditto. 
Eulers, & über die Begonnene gesammtausgabe seiner Ueineren schriften. 8vo.. 

Uber die Genanig-keit der in Lalandes Catalog, publicirt von der British Associa- Ditto. 
tion, enthaltenen Sternérter. Von Dr Lindhagen. 8vo, : 

Verhandlungen der Schweizerischen Naturforschenden Gesellschaft bei ihrer Ver- The Society. 
sammlung zu Slothurn. 1848. 8vo. 


Mittheilungen der Naturforschenden Gesellschaft in Bern, aus dem Jahre, 1848-9. Ditto. 
Nos. 135-161. 8vo. 


March 4, 1850. 
Transactions of the Cambridge Philosophical Society. Vol. viii. to. The Society. 
The Astronomical Journal. Vol. i., Nos. 2, 3, and 4. Ato. The Editor. 
Proceedings of the Royal Astronomie Society. Vol. x., No. 3. vo. The Society. 
Proceedings of the Linnæan Society of London. Nos. 30-40. vo. Ditto. 
Charter and Bye-Laws of the Linnean Society. 1848. 8vo. Ditto. 
List of the Linnean Society. 1849. 4to. Ditto. 


Journal of Agriculture, and Transactions of the Highland and Agricultural Society Ditto. 
of Scotland. No. 28, N. S. 8vo. 
Annales des Sciences Physiques et Naturelles, d’ Agriculture et d’Industrie, publiées Ditto. 
par la Société Nationale d' Agriculture, &., de Lyon. Tom. ii. 1848, - 8vo, 
A Collection of Maritime Charts, with corresponding Descriptions. French Government. 


March 18, 1850. 


Some Account of the last Yellow Fever Epidemic of British Guiana. By Daniel The Author. 
Blair, M.D. Edited by John Davy, M. D., F. R. S. L. & E. 8vo. 

Das peripherische Nervensystem der Fische, Anatomisch und Physiologisch unter- Ditto. 
sucht. Von Dr Hermann Stannius. 4to, 

Neue Denkschriften der Allg. Schweizerischen Gesellschaft fiir die gesammten The Society. 
Naturwissenschaften. Bd. x., mit. xiii. Tafeln. Ato. 

On the Diffusion of Liquids. By Thomas Graham, Esq., F. R. S., F. C. P. 4to. The Author. 

Description of the Instruments and Process used in the Photographie Self-regis- The Astronomer- 


tration of the Magnetical and Meteorological Instruments at the Royal Obser- Royal. 
vatory, Greenwich. 4to. 
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DONATIONS. DONORS. 
Proceedings of the Royal Astronomical Society. Vol. X., No. 4. gro. The Society. 
Description of the Observatory at Cambridge, Massachusetts. By William Cranch The Observatory. 
Bond. Ato. 
Astronomical Observations made at Cambridge Observatory, Massachusetts, 1847-8. Ditto. 


April 1, 1850. 


Magnetical and Meteorological Observations made at the Royal Observatory, The Observatory. 
Greenwich, 1847. 4to. 


Journal of the Statistical Society of London. Vol. iii., Part 1. 8vo. The Society. 

Deuxiéme Mémoire sur le Daltonisme, ou la Dyschromatopsie. Par E. Wartmann. The Author. 
Ato. 

The Accommodation of the Eye to Distances. By William Clay Wallace, M.D. 8vo. Ditto. 

Transactions of the Zoological Society of London. Vol. iii., Parts 5 and 6. 4to. The Society. 


P of Do. Parts 15 and 16. 8vo. Ditto. 
Reports of Council of Do. 1849. 3 o. Ditto. 
April 15, 1850. 
Transactions of the Royal Scottish Society of Arts. Vol. iii., Part 4. 8vo. The Society. 
Journal of the Asiatic Society of Bengal. Edited by the Secretaries. N.S., Ditto. 
No, 32. 8vo. 
Annali di Fisica dell' Abbate Francesco Car. Zantedeschi. Fascicolo 4. 8ro. The Author. 
282 Journal of the Chemical Society. No. 9. 80. The Society. 


ingen 
ool. 54% Deel. 6d Stuk. 
Bulletin de la Société de Géographie. 3™¢ Série. Tom. 12™°, 1849. o. The Society. 


December 2, 1850. 


Essai de Phytostatique appliqué à la Chaine du Jura et aux contrées voisines. The Author. 
Par M. Thurmann. 2 Tom. 8vo. 

The American Journal of Science and Arts. Conducted by Professors Silliman and The Editors. 
Dana. Vol. ix., No. 26; Voi. X., Nos. 28 and 29. 8vo. 

Annals of the Lyceum of Natural History of New York. Vol. v., No. 1; Vol. iv., The Lyceum. 
No. 12. Bvo. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. Nos. 207 The Society. 
and 212. 

Memorie della R. Accademia delle Scienze di Torino. Serie 24, Tom. x. 4to. The Academy. 


Journal of the Statistical Society of London. Vol. iii., Part 2. 3vo. The Society. 
Proceedings of the American Philosophical Society. Vol. v., No. 44. gvo. Ditto. 
Proceedings of the Royal Society. 1849. Nos. 73 and 74. 8vo. Ditto. 
n Academy of Arts and Sciences. N. 8. Vol. iv., The Academy. 
art 1. 4to. 
Proceedings of the Royal Astronomical Society. Vol. x., No. 7. 8vo. The Society. 
Quarterly Journal of the Chemical Society. No. 10. gvo. Ditto. 


Report of the 19th Meeting of the British Association for the Advancement of The Publisher. 
Science. 1849. 8yo. 

Scientific Researches, Experimental and Theoretical, in Electricity, Magnetism, yr The Author. 
vanism, Electro-Magnetism, and Electro-Chemistry. By William Sturgeon. 

„ö „ The Society. 
of Scotland. Nos. 29 and 30, N. S., 1850. o. 


London. Vol. xxxiii. 8vo. 
VOL. XX. PART IV. dng 


ö 
Magnetical, and Meteorological Observations made at the Royal Ob- The Observatory. 
servatory, Greenwich, 1848. 4to. 
Transactions, the irurgi of The Society. 
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DONATIONS. DONORS. 
An Enquiry into M. Antoine d' Abadie's Journey to Kaffa, to discover the source The Author. 
of the Nile. By C. T. Beke. 8vo. 
Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsenstalt. 1850. No.1. The Institute. 
Jan. Feb. Marz. 3vo. 
Philosophical Transactions of the Royal Society of London. 1850. Part 1. 4to. The Society. 
———— der Kaiserlichen Akademie der Wissenschaften. Wien. 1848-50. The Academy. 


8v0 

Case of „with Remarks. By James Stark, M. D. 8vo. The Author. 

Two Cases of pture of the Crucial Ligaments of the Knee-Joint. By James Ditto. 
Stark, M.D. 8vo. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. xii, The Society. 
Part 2. 8vo. 

La Thermacrose, ou la Coloration Calorifique. Par M. Melloni. 8vo. The Author. 

On the Pelorosaurus; an undescribed gigantic terrestrial reptile whose remains Ditto. 
are associated with those of the Iguanodon, &. Ona Dermal Spine 


of the Hyleosaurus, recently discovered in the Strata of Tilgate Forest, Sussex. 

By G. A. Mantell, LL.D. to. 
Supplementary Observations on the Structure of the Belemnite and Belemnosten- Ditto. 

this. By G. A. Mantell, LL.D. 4to. 
Quarterly Journal of the Chemical Society. October 1850, No. 11. gro. The Society. 
Collection of French Admiralty Charts. French Government. 
Proceedings of the Philosophical Society of Glasgow. 1849-50. Vol. iii., No.2. 8vo. The Society. 
Bulletin de la Société Impériale des Naturalistes de Moscou. 1847, No. 3; 1848, Ditto. 

Nos. 1 and 2. 8vo. 


Flora Batava. Parts 163 and 164. 4to. King of Holland. 
Journal of the Royal Geographical Society of London. Vol. xx., Part 1. 8vo. The Society. 
Bulletin de la Société de Géographie, 3™° Serie. Tom. xiii. 8vo. Ditto. 


Gelehrte Anzeigen herausg. von Mitgliedern der K. Bayerischen Akademie der The Academy. 
Wissenschaften. Bde. 28 and 29. 4to. 

Det Kongelike Danske Videnskab. Selskabs Skrifter. Femte Rekke. Naturvidenska- The Society. 
belig og Mathematisk Afdeling. 1% Bd. 4to. 

Astronomical Observations made at the Royal Observatory, Edinburgh, by the The Observatory. 
late T. Henderson, Esq. Vol. ix. 1843. 4to 

Results of the Observations made by Rev. F. Fallows, at the Royal Observatory, The Editor. 
Cape of Good Hope, in the years 1829, 1830, 1831. Reduced under the 
superintendence of G. B. Airy, Esq. 4to. ; 

Abhandlungen iiber das Wesen der Imponderabilien. Von L. Ph. Wiippermann. The Author. 
Ir Theil. 1¢ Abtheil. 8vo. 

Abhandlungen der Philosophisch-Philologischen Classe der Königliche Bayerischen The Academy. 
Akademie der Wissenschaften. Bd. 5. Abtheil. 3. 4to. 

Abhandlungen der Mathematisch-Physikalischen Classe der Königliche Bayerischen Ditto. 
Akademie der Wissenschaften. Bd. 5. Abtheil. 3. Ato. 

Ueber den Anthiel der Pharmacie an der Entwicklung der Chemie. Von Dr The Author. 
Ludwig A. Buchner jun. 4to. 

Archives du Muséum d' Histoire Naturelle. Tom. iv., Livraisons 3 and 4. 4to. The Museum. 


December 16, 1850. 


Journal of the Statistical Society of London. Vol. xiii, Part 3. 3vo. The Society. 
Natuurkundige Verhandelingen van de Hollandsche Maatschappij der W etenschappen Ditto. 
te Haarlem. Diet. 5 and 6. Ato. 
Astronomische Beobachtungen auf der K. Universitäts Sternwarte in Königsberg. The Observatory. 
Herausgegeben von A. L. Busch. Abtheil. 29. Folio. 
Observations made at the Magnetical and Meteorological Observatory at Hobarton, Ditto. 


in Van Diemen Island, and by the Antarctic Naval Expedition. Vol. i. 
1841. 4to. 


LIST OF DONATIONS. 


DONATIONS, 
of the American Philosophical Society. Vol. v., No. 44. 8vo. 
of the Z Society of London. Nos. 178-189, 8yo. 


of the Royal Society. Nos. 73 and 74. 8vo. 
Seventeenth Annual Report of the Royal Cornwall Polytechnic Society. 1849. 8vo. 
Journal of the Asiatic Society of Bengal. N. 8. No. 37. 8vo. 
Letter to the Right Honourable Lord Brougham and Vaux, proposals 
for a Scientific Exploration of Egypt und Ethiopia. By John James Wild. 8vo. 
The Accommodation of the Eye to Distances. By William Clay Wallace, M. D. 8vo. 
Oversigt over det Danske Videnskabernes Selskabs Forhandlinger og dets 
Medlommers Assets 1067 ag 1848. 
Verhandelingen der Eerste Klasse van het K. Nederlandsche Instituut, &. 34d. 
Reeks. ii. and iii Deel. 4t0. 
Jaarboek van het K. Nederlandsche Instituut, &. Voor 1850. gro. 
Tijdschrift voor de Wis-En Natuurkundige Wetenschappen, uitgegeven door de 1 
Klasse van het K. Nederlandsche Instituut. 3° Deel. 4 Aflevering. 8vo. 
. Vetenskaps Akademiens Handlingar under Sednare Hälften. 1848. 8vo. 


Ofversigt af K. Vetenskaps-Akademiens Förhandlingar. 1849. Nre 1-9. 8vo. 


Arsberattelse om F i Kemi under är 1848. Afgifen till K. Vetenskaps- 
Akademien af L. F. Svanberg. 
Medallion of Berzelius. 


Mémoires de l' Académie Impériale des Sciences de St Pétersbourg. Sciences 
Mathématiques, Physiques et Naturelles. Tomes 7e and 8™°. Ato. 

Mémoires présentés à l' Academie Impériale des Sciences de St Petersbourg. Tome 
6me, Livraison 4. 4to. 

Recueil des Actes des Séances publiques de l' Academie Impériale des Sciences de 
St Pétersbourg, tenues le 28 Decembre 1847 et le 29 Decembre 1848. 4to. 

Explication de la Carte Géologique de la France, rédigée par MM. Dufrénoy et 
Elie de Beaumont. Tomes 1 and 2. 4to. 


Geological Map of France. 
January 20, 1851. 


Proceedings of the Academy of Natural Science of Philadelphia, Vol. v., No. 5. 8vo. 

The American Journal of Science and Arts. 2d Series, No. 30. 8vo. 

Proceedings of the Royal Astronomical Society of London. Vol. ii., No. 2. 8vo. 

Résumé Météorologique de l'année 1849, pour Genéve et le Grand St Bernard. 
Par E. Plantamour. 3vo. 

Reasons for returning the Gold Medal of the Geographical Society of France, and 
of withdrawing from its Membership. In a Letter to M. De la Roquette, from 
Charles T. Be Bro. 

Astronomical and Magnetical and Meteorogical Observations made at the Royal 
Observatory, Greenwich, in the year 1849. to. 

Greenwich M deen, and Meteorological Results. 1848. Ato. 

Astronomical rvations made at the Observatory of Cambridge. Vol. xvi., 4to. 

Transactions of 2 Cambridge Philosophical Society. Vol. ix., Part 1. 40. 


February 3, 1851. 


Proceedings of the Royal Astronomical Society of London. Vol. ii., No. 1. 8vo, 

On the Cyclone of November 19 (1850). By the Rev. Humphrey Lloyd, D.D. Bvo. 

On the Induction of Soft Iron, as applied to the determination of the of 
the Earth’s Magnetic Force. By the Rev. Humphrey Lloyd, D.D. 

Instructions for making Meteorological and Tidal Observations. . 
Council of the Royal Irish Academy. 8vo. 

Second Report of the Council of the Royal Irish Academy, relative to the esta- 
blishment of a System of Meteorological and Tidal Observations in Ireland. 8vo. 

The London University Callendar. 1851. 12mo. 
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February 17, 1861. 


DONATIONS. 

Essai Historique sur le et I’Universalité de son influence dans Is The Author. 
Nature. Par M. de Haldat. 8vo. 

Optique Oculaire suivie d'un Essai sur P Achromatisme de Oeil. Par M. de Ditto. 
Haldat. 8vo. 

On the Remains of Man, and Works of Art imbedded in Rocks and Strata, as Ditto. 
illustrative of the connection between Archmology and Geology. By G. A. 
Mantell, LL.D. 8vo. 

American Journal of Science and Arts. Vol. ii., No. 31. 8vo. The Editors. 

Acta Societatis Scientiarum Fennicew. Tom. iii., Fasciculus 1. 4to. The Society. 

Novorum Actorum Academie Cœsarem Leopold.-Carol. Nature Curiosarum. Vol. The Academy. 
xxii., Pars ii. 4to. . 

Abhandlungen der K. Akademie der Wissenschaften zu Berlin. 1848. 410. Ditto. 

Monatsbericht der K. Akademie der Wissenschaften zu Berlin. Juli 1849; Juni Ditto. 
1850. gro. 

French Marine Charts, with corresponding Descriptions. French 

Ueber eine Kochsalz herrührende pseudomorphische Bildung im Muschelkalke der The Author. 
Wifergegend. Von J. F. L. Hausmann. o. 

Die Bleigewinnung in Südlichen Spanien in Jahre 1829. Von J. F. L. . N Ditto. 
mann. 8vo. 

Ueber die Erscheinung des Anlaufens der Mineralkérper. Von J. F. L. Haus- Ditto. 
mann. 3vo. 

Nachrichten von der Georg. Augusts. Universität. und der K. Gesellschaft der The University. 
Wissenschaften zu Göttingen. Von Jahre 1849. Nr. 1-14. 12°. 


March 3, 1851. 


Medico-Chirurgical Transactions. Published by the Royal Medical and Chirurgi- The Society. 
cal Society of London. General Index. Vols. i—xxxiii. vo. 

The Journal of Agriculture, and Transactions of the Highland and Agricultural Ditto. 
Society of Scotland. New Series. No. 32. 8vo. . 


March 17, 1851. 


Philosophical Transactions of the Royal Society of London, for the year 1850. The Society. 
Part 2. 4to. 

Observations on Days of unusual Magnetic Disturbance, made at the British The British 
Colonial Magnetic Observatories, under the departments of the Ordnance and Government. 
Admiralty. Vol. i., Part 2 (1842-4). 4to, 

Annales des Mines. Tom. ii. (1847); Tom. iv., Liv. 1, 5, 6 (1833); Table des The Ecole des 
Matiéres des Ire et 2° Séries, 1816-30; Tom. xiv. a Liv. 6 (1848); Tom. Mines. 
xix., Liv. 1, 2, 3, (1841); Tom. xx., Liv. 4, 5, 6 (1841). 8vo, 


Journal of the Statistical Society of London. Vol. xiv., Part 1. 8vo. The Society. 

The Geological Observer. By Sir Henry T. de la Bache. 6 o. The Author. 

Journal of the Asiatic Society of Bengal. No. 214. 8vo. The Society. 
April 7, 1851. 


Primo Decennio di Osservazioni Meteorologiche fatto nella Specula di Bologna, The Author. 
ridotte esposte ed applicate da Alessandro Palagi, M.D, 4to. 

Neue Denkschriften der Allgemeine Schweizerischen Gesellschaft für die gesammten The Society. 
Naturwissenschaften. Bd. 11. Ato. 
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DONATIONS 


der Naturforschenden Gesellschaft in Bers. Nos. 144-192. 8vo. 


—— der Schweizerischen Naturforschenden bei ihrer 36 
Versammlung in Aarau. 1860-1. 6vo, 
Verhandlungen der Schweizerischen Naturforschenden Gesellechaft bei ihrer 34 
* Versammlung in Frauenfeld. 1849. 8vo. 
aturwissenschaftliche Abhandlungen und dureh su heraus- 
ben von. W. Haidinger. 
von W. Bde. 3, 4, 5, 6. 8vo. 
Contributions to the Statisties of Scotland. By James Stark, M.D. 90. 


Journal of the Asiatic Society of Bengal. Nos. 215 and 216. 8vo. 

Mémoires del’ Institut de France. Académie des Sciences. Tom. 20, 21,22. 4to. 

Mémoires présentés par divers Savants à Académie des Sciences de I' Institut 
National de France. Tom. 11,12. 4to. 

Collection of Specimens illustrating the Geology of the Eildon Hills. 


April 21, 1861. 


Journal of the Royal Geographical Society of London. Vol. XX., Part 2. 
1851. go. 

Supplement to the coe of the Atheneum Library. 8vo. 

Abhandlungen der Philosophisch-Philologischen Classe der K. Bayerischen Aka- 
demie der Wissensch Bd. vi., Abtheil 1. 4to. 

Abhandlungen der Historichen Classe der K. Bayerischen Akademie der Wissen- 
schaften. Bde. i—vi., Abtheil. 1. 410. 

Gelehrte Anzeigen h ben von Mitgliedern der K. Bayerischen Akademie 
der Wi Xxx., xxxi, Ato. 

Almanach der K. Bayerischen Akademie der Wissenschaften, fiir 1849. 12mo. 

Annalen der Königlichen Sternwarte bei München. Bd. ir. 8vo. 

Abhandlung über das Schul. und Lehrwesen der Muhamedaner im Mittelalter. 
Von Dr D. Haneberg. 4to. 

Ueber die Praktische Seite Wissenschaftlicher Thätigkeit. Von Fr. v. Thiersch. 4to. 

Worte über Wallensteins Schuld. Von Dr Rudhart. 4to. 

Ueber die Politische Reform in Deutschland im xv. Jahrhunderte und 
den Antheil Bayerns an derselben. Von Dr Const. Höfler. 4to. 

Bulletin de la Société de phie. 3™¢ Série. Tom.xiv. 8vo. 

The American Journal of Science and Arts. Vol. ii., No. 32. 89%. 


Experimental Researches on Electricity. By Michael Faraday, LL.D. 4to. 
December 1, 1851. 
Natuurkundige Verhand van de Hollandsche Maatschappij der W etenschapen 
te Haarlem. Tweede — 7 Deel. to. 
An Essay explanatory of the Tempest Prognosticator, in the of the Great 
Exhibition for the Works of Industry of all Nations. rge Merry- 


weather, M.D. 8vo. 

Letters to a Candid Inquirer on Animal Magnetism. By W. Gregory,M.D. 12mo. 

Flora Batava. 165 Aflevering. to. 

Astronomical Observations made at the Radcliffe Observatory, Oxford, in the year 
1848. By M. J. Johnson. Vol. ix. 8vo. 

Observations made at the Radcliffe Observatory, Oxford, in the year 

1849. By M. J. Johnson. Vol. x. ro. 

Proceedings of the Zoological per e 1835, 1836, 1837, 1838, 1840, 
1841, 1844, 1845, 1846. 
VOL. XX. PART IV. 8 v 


The Atheneum. 
The Academy. 


655 
DONORS. 
The Sosiety. 
Ditto. 
Ditto. 
The Editor. 
Ditto. 
The Author. 
The Society. 
The Academy. 
Ditto. 
Professor Forbes. 
| 
The Society. 
Ditto. 
Ditto. 
Ditto. 
The Observatory. 
The Author. 
Ditto. 
Ditto. 
Ditto. 
The Society. 
The Editors. 
The Author. 
The Society. 
The Author. 
Ditto. 
King of Holland. 
Radcliffe Trustees. 
Ditto. 


656 LIST OF DONATIONS. 


DONATIONS. 

Reduction of the Observati/ ns of Planets, made at the Royal Observatory, Green- 
wich, from 1750 to 1830, under the superintendence of G. B. Airy, Esq. 4to. 

Reduction of the Observations of the Moon, made at the Royal Observatory, 
Greenwich, from 1750 to 1830, under the superintendence of G. B. Airy, 

. 2 vols. Ato. 

Catalogue of 2156 Stars, formed from the Observations made during the twelve 
years from 1836 to 1847, at the Royal Observatory, Greenwich, 4to. 
Results of the Observations made at the Royal Observatory, Greenwich, 1847, 

1848, 1849. 4to. 

Results of the Magnetical and Meteorological Observations made at the Royal 
Observatory, Greenwich, 1848 and 1849. 4to. 

Descriptions of the Instruments and Process used in the Photographic Self-Regis- 
tration of the Magnetical and Meteorological Instruments at the Royal 
Observatory, Greenwich. Ato. 

Account of Improvements in Chronometers, made by Mr John J. Giffe. 4to. 

Papers and Proceedings of the Royal Society of Van Diemen’s Land. Vol. i., 
Parts 1 and 2. 8vo. 

Astronomische Beobachtungen auf der Königliche Universitäts Sternwarte in 
Königsberg. Herausgegeben von H. L. Busch. Abtheil. 23. Fol. 

Abhandlungen der Königliche Gesellschaft der Wissenschaften zu Göttingen. 
Band. 4. 4to. 

Nachrichten von der Georg-Augusts Universität und der Königliche Gesenschaft 
der Wissenschaften zu Göttingen, 1850. Nos. 1-17. 12mo. 

Beiträge zur Metallurgischen Krystallkunde. Von J. F. L. Hausmann. 4to. 

Handbuch der Mineralogie. Von J. F. L. Hausmann. ler. Theil. 8vo. 

Plan and description of the Original Electro-Magnetic Telegraph. By W. 
Alexander, Esq. 8vo. 

Minutes of Proceedings of the Institution of Civil Engineers, containing Abstracts 
of the Papers and of the Conversations. Vol. i—viii, (1837-50). 8vo. 

Catalogue of the Library of the Institution of Civil Engineers. vo. 

Journal of the Statistical Society of London. Vol. xiv., Part 2. Bvo. 

Journal of the Horticultural Society of London. Vols. i., ii., iii., iv., v., and vi. 
Parts 2 and 3. 8vo, 

Notice sur les Altitudes du Mont Blanc et du Mont Rose, determinées par des 
Mesures Barométriques et Géodésiques. Par M. le Commandant Deleros. 8vo. 

The American Journal of Science and Arts. 2d Series. Vol. ii. No. 33. 8vo. 

Journal of the Asiatic Society of Bengal. Nos. 217 and 218. 8vo. 

Archives du Muséum d'Histoire Naturelle, publiées par les Professeurs- Adminis- 
trateurs de cet Etablissement. Tom. v., Liv. 1 & 2 (Paris). Ato. 

Quarterly Journal of the Chemical Society, No. 14. 8vo. * 

Verzangenheit und Zunkunft der Kaiserlichen Leopoldinisch-Carolinischen Aka- 
demie der Naturforscher. Von Dr C. G. Nees v. Esenbeck. to. 

Compendium der Popularen Mechanik und Maschinenlehre. Von Adam Ritter 
von Burg. 8vo. 

Compendium der Höheren Mathematik. Von Adam Ritter von Burg. 8vo. 

Ueber die von dem Civil. Ingenieur Herrn Kohn, angestellten Versuche um den 
Einfluss oft wiedénholter Torsionen auf den Molekularzustand des Schmie- 
deisens auszumitteln. Von A. von Burg. 3vo. 

Programm fiir die Ordentlichen und Ausserordtlichen Vorlesungen welche am 
K. K. Polytechnischen Institut zu Wien im Studienjahre. 1850-51. 
Staat finden werden. Von A. von Burg. 4to. 

Kuppfertafeln zum Compendium des Populären Mechanik und Maschinenlehre. 
Von A. von Burg. 4to. 

Eighteenth Annual Report of the Royal Cornwall Polytechnic Society. 1850. 8 vo. 

Théorie Mathématique des Oscillations des Barométre, et recherches de la loi de la 
variation moyenne de la Température avec la Latitude. Par M. E. Liais. 8vo. 
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Ditto. 
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The Society. 
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The Society. 
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The Author. 
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The Institution. 
Ditto. 

The Society. 
Ditto. 

The Author. 

The Editors. 

The Society. 

The Museum. 


The Society. 
The Author. 


Ditto. 


The Society. 
The Author. 


Astronomical Observations, made during the year 1846, at the National Observa- The Observatory. 


tory, Washington. Vol. ii. 4to. 
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| Ditto. 
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| Ditto. 
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| Ditto. 
| Ditto. 
| Ditto. 
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Annales de l'Observatoire Physique Central de Russie, publiées par A. T. Kupffer. 
1847. Nos. 1,2. 

Memorias de la Real Academia de Ciencias de Madrid. Tomo 1°, 1* Partie. Ato. 

Resumen de las Actas de la Academia Real de Ciencias de Madrid, en al afio Aca- 
demico de 1849 & 1850. 

Contributions to Astronomy and Geodesy. By Thomas Maclear, Esq., F.R.A.S. 4to. 

Verhandelingen der Eerste Klasse van het Koninklijk-Nederlandsche Instituut 
van Wetenschappen, Letteckunden, en Schoone Kunsten te Amsterdam. 3th 
Reeks, 4 Deel. 4to. 

Tijdschrift voor de Wis-En Natuu Wetenschappen, uitgegeven door de 
Eerste Klasse van het — ederlandsche Instituut van Wetenschap- 
pen, Letterkund~. en Schoone Kunsten te Amsterdam. 4d Deel. 8vo. 

Memoires of the Royal Astronomical Society. Vol. xix. 4to. 

Dre Vol. iii., Parts 1 & 2. 8vo. 

Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. N. 8. No. 34. gro. 

Journal of the Statistical Society of London. Vol. iv., Part 2. 8vo. 

Quarterly Journal of the Chemical Society. No. 15. 8vo. 

Papers and Proceedings of the Royal Society of Van Diemen’s Land. Vol. i, 
Part 3. gro. 

American Journal of Science and Arts. Vol. xii., Nos. 34 and 35. o. 

Journal of the Asiatic Society of Bengal. N. 8. No. 45. 370. 

Proceedings of the Liverpool Literary and Philosophical Society. Sessions 38 
and 39. No. 6. Evo. 

Archives du Muséum d' Histoire Naturelle, publiées par les Professeurs-Admini- 
strateurs de cet Etablissement. Lom. v., Zwe Liv. Ato. 

_ Muséum d'Histoire Naturelle de Paris. Catalogue Méthodique de la Collection des 

lre Liv. gro. 

de la Collection Entomologique. Classe des Insectes ordre Co- 
léoptéres, Ie et 20 Liv, 8vo. 

Transactions of the Linnzan Society. Vol. XX., Parts 2 and 3. 4to. 

Proceedings of Do. Do. Nos. 41, 42, 43, 44. 8vo. 

List of Fellows of the Linnean Society. 1850. to. 

Bericht über die in Jahren 1848 und 1849 auf den Stationen des Meteorolo- 
~~ ee! in Preussischen Staate angestellten Beobachtungen. Von H. 

Dove. 


Observations the and Meteorological Observatory at the Cape 
of Good Hope. Vol. i., Magnetical Observations, 1841 to 1846. to. 

Journal of the Horticultural Society of London. Vol. vi., Part 4. 8vo. 

Journal of the Asiatic Society of Bengal, 1851. No. 4. vo. 

Mémoires de l' Académie Impériale des Sciences de St Pétersbourg. vi™ Série. 
Sciences Mathématiques, Physiques, et Naturelles. Tom. 6™¢, Ire Partie. 
Sciences Mathématiques et Physiques. Tom. ivwe, Liv. 3 and 4. 4to. 

Mémoires présentés à |’ Académie Impériale des Sciences de St Petersbourg, par 
divers Savants et lus dans ses Assemblées. Tom. viwe, Liv. 5 & 6. 4to. 

Observations faites à Nigré-Taguilsk (Monts Oural), Gouvernement de Perm. An- 
nées 1848 et 1849. (1850.) 8vo., | 

Proceedings of the American Philosophical Society. Vol. v., Nos. 45 and 46. 

Mémoires sur le Digitaline. Par MM. Homolle et Quevenne. 8vo. 

On the Silurian Rocks of the South of Scotland. By Sir R. I. Murchison. 8vo. 

Three Letters to the Inhabitants of Ceylon, on the Advantages of Vaccination. By 
John Kinnis, M.D. Zvo. 

Contributions to the Military Medical Statistics of China. By John Kinnis, M.D. 


—On the Military Stations, Barracks, and Hospital of Hong Kong (written 


in 1846). On the Health of H. M. and Hon. E. I. Company's Troops serv- 
ing in China, from W Bvo. 
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Contributions to the Military Medical Statistics of the B Bombay Presideny, 1861. 
By John Kinnis, M.D. 8vo. 


Proceedings of the Geological Society of London. Vol. iv., Nos. 99, 101, 102, 103. 


8vo. 
Quarterly Journal of the Geological Society of London. Nos. 21-28. 3vo. 
Papers relating to the University of Sydney, and to the University College, 4 

New South Wales. Printed at the desire of Sir J. F. W. Herschel, Bart. 

G. B. Airy, Esq., Professor Malden, and Henry Denison, Esq. 1851. 970. 
Journal of the Asiatic Society of Bengal. Nos. 208 to 210. Oct. to Dec. 1849. 8 vo. 
Proceedings of the Royal Astronomical Society, Vol. XI., No. 9. S8vo. 


January 5, 1852. 


Flora Batava. Aflevering 166. Ato. 

Mémoires de |’Académie Impériale des Sciences de St Péters Sciences 
Mathématiques, Physiques, et Naturelles. Tome ivme, Liv. 3 4. 400. 

Mémoires présentés à l' Académie Impériale des Sciences de St Pétersbourg, 


divers Savants et lus dans ses Assemblées. Tome vi™, Lie. 5 & 6. 4to. 


Memorie dellajReale Accademia della Scienze di Torino. Serie 2da. Tomo xi. 4to. 

Annales de l"Observatoire Physique Central de Russie. 1848. 3 tom. 4to. 

Compte Rendu Annuel, addressé 4 M. le Comte Wrontchenko, Ministre des Pi- 
nances, par le Directeur de l’Observatoire Physique Central de Russie, A. T. 
Kupffer, 1850. 4to. 

The American Journal of Science and Arts. Vol. xii., No. 36. 8vo. 

Bulletin de la Société de Geographie. 4™¢ Serie. Tom. i. 8vo. 

Abhandlungen der Königliche Aden der Wissenschaften zu Berlin. 1849. 4to, 

Monatsbericht der Königliche Akademie der Wissenschaften zu Berlin. 1850, 
Jan.— Dec.; 1851, Jan.— Juni. 3vo. 

Proceedings of the Philosophical Society of Glasgow. 1850. Vol. iii., No 3. 8vo. 

Bulletin de la Société Impériale des Naturalistes de Moscou. 1850, "Nos. 3 & 4; 
1851, No. 1. gro. 

Journal of the Asiatic Society of Bengal. 1851. No. 5. go. 


February 2, 1852. 


Smithsonian Contributions to Knowledge. Vol. ii. Collection of Various Re- 
ports. to. 

Transactions of the Zoological Society of London. Vol. iv., Pt. 1. 4to. 

Proceedings of the Zoological Society of London. Nos, 201-213. 670. 

Proceedings of the American Association for the Advancement of Science. August 
1850, 8vo. 

Transactions of the Horticultural Society of London, 2d Series. Vol. ii. Pts. 
8, 4, 5, 6; Vol. iii., Pts. 1, 2,3. 4to. 

Novi Commentarii Academie Scientiarum Instituti Bononensis. Tom. vi., vii., viii., 
ix., x. 4to. 

Memorie della Accademia delle Scienze dell’ Instituto di Bologna. Tomo i. 4to. 


February 16, 1852. 
Verhandlungen der Kaiserlichen Leopoldinisch-Carolinischen Akademie der Natur- 


forscher. B. 22. 4to. 
Journal of the Horticultural Society of London. Vol. vii., Part 1. 8o. 


The Academy. 
The Society. 


DONORS. 
The Author. 
The Society. 
Ditto. 
The Editors. 
The Society. 
Ditto. 
King of Holland. 
The Academy. 
Ditto. 
Ditto. 
The Observatory. 
The Editor. 
The Editors. 
The Society. 
The Academy. 
Ditto. 
The Society. 
Ditto. 
Ditto. 
The Smithsonian 
Society. 
The Association. 
Ditto. 
Ditto. 
The Society. 
The Academy. 
Ditto. 


March 1, 1852. 


Philosophical Transactions of the Royal Society of London. 1851. Part 2. 4to. 

List of Fellows of Do. 30th November 1851. 4to. 

Memoirs of the Royal Astronomical Society. Vol. xx. 4to. 

Notices of Do. Vol. ii. 1850-1. Nos. 1-9. 8vo. 

Quarterly Journal of the Geological Society. Vol. viii., Part 1. 8vo. 

American Journal of Science and Arts. Vol. xiii.. No. 37. gro. 

Transactions of the Royal Scottish Society of Arts. Vol. iii., Part 5. Bro. 

Transactions Institute of Scotland. Vol. ii., Part 2. 8vo. 

Journal of iculture, Transactions of the Hi and j 
of N. 8. No. 36. 8vo. 


Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathemat. 
atur. Classe. Bd. vii., Stück 1 & 2. 3ro. 
Flora Batava. No. 167. 
Guide to Northern Archeology, by the Royal Society of Northern Antiquaries of 
Edited by the Right Honourable the Earl of Ellesmere. 8vo. 
Papers on Railway and Electric Communications, &. By Walter White. 12mo. 
Rules and Regulations, and List of Members, of the Athenwum. 12mo. 


April 5, 1862. 
The Assurance Magazine. Nos. 5 & 7. 8vo. 


Nouveaux Mémoires de la Sociétié Impériale des Naturalistes de Moscou. Tome ix. 
4to. | 
Bulletin de la Société Impériale des Naturalistes de Moscou. 1851. No. 2. 8vo. 


April 19, 1852. 


The Nature and Treatmentof Diseases of the Heart. By James Wardrop, M.D. 8vo. 

Twentieth Report of the Scarborough Philosophical Society. 8vo. | 

Minutes of Proceedings of the Institution of Civil Engineers. 1849-51. 8vo. 

List of Members of Ditto. 

Constitution and Laws of the Institute of Actuaries of Great Britain and Ireland. 
gro. 

Transactions of the Cambridge Philosophical Society. Vol. ix. Part 2. 60. 

The American Journal of Science and Arts. Nos. 38-41. vo. 

Flora Batava. Aflevering 168. 


December 6, 1852. 


Journal of the Statistical Society of London. Vol. xv., Parts 1, 2, 3. ro. 
Journal of the Horticultural Society of London. Vol. vii., Parts 2 & 3. 8vo. 
Journal of Agriculture, and the Transactions of the Highland and Agricultural 
Society of Scotland. N. 8. Nos. 37 & 38. 8vo. 
Quarterly Journal of the Chemical Society. Vol. v., Nos. 2 & 3. 8vo. 
Quarterly Journal of the Geological Society. Vol. viii., Parts 2, 3,4. 8vo. 
Address delivered at the Anniversary Meeting of the Geological Society of London, 
on the 20th of February 1852. By William Hopkins, Esq. 8vo. 
VOL, XI. PART. IV. 


Ditto. 
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Museum of Practical Geology :—On the Science of Geology and its applications. The Museum. 
By Andrew C. Ramsay ;—On the value of extended knowledge of Mineralogy 
and the Process of Mining. By W. W. Smyth;—On the Importance of 
Special Scientific Knowledge. By John Perey, M. D. 8vo. 
The Society. 
Ditto. 
Ditto 
Ditto. 
Ditto. 
The Editors. 
The Society. 
The Institute. 
The Society. 
Astronomi bservations at yal The Royal Society. 
Observatory, Greenwich, in the year 1850. 40. 
The Academy. 
King of Holland. 
The Editor. 
The Author. 
The Atheneum. 
Actuaries. 
The Society. 
Ditto. 
The Author. 
The Society. 
The Institution. 
Ditto. 
Ditto. 
The Society. 
The Editors. 
King of Holland. 
The Society. 
Ditto. 
The Society. 
Ditto. | 
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DONATIONS. 
Journal of the Geological Society of Dublin. Vol. v., Part 2. Svo. 
Journal of the Asiatic Society of N. 8. Nos. 46, 50, 51, 52, 53, 54. ro. 
Transactions of the Architectural Institute of Scotland. Vol. ii., Parts 3, 4,5. 87. 
Assurance Magazine, and Journal of the Institute of Actuaries. Nos. 6, 8, 9. 8vo. 
Scientific Memoirs, selected from the Transactions of Foreign Academies of Science 
and learned Societies. Edited by R. Taylor, F. S.A. Vol. v., Part 20. 8vo. 


Address at the Anniversary Meeting of the Royal Geographical Society, 24th 
May 1852. By Sir R. J. Murchison. 8vo. 


Catalogue of the Library of the Royal * Society. vo. 

— of the Royal Irish Academy. Vel. iv., Parts 2 & 3. Vol. v., Part 1. 
Bvo. 

Annals of the Lyceum of Natural History of New York. Vol. v., Nos. 3-14. gro. 

Medico-Chirurgical Transactions. Published by the Royal Medical and Chirurgi- 
cal Society of London. Vols. xxiv. & xxv. 8vo., 

Proceedings of the Philosophical Society of Glasgow. 1851-2. Vol. iii., No. 4. 8yo. 

Nineteenth Report of the Scarborough Philosophical Society. 1850. 8vo. 

Twenty-ninth Annual Report of the Royal Asiatic Society of Great Britain and 
Ireland. 1852. 8vo. 

Nineteenth Annual Report of the Royal Cornwall Polytechnic Society. 1851. 8vo. 

Annual Reports of the Leeds Philosophical and Literary Society. 1832-52. 8vo. 


Proceedings of the American Association for the Advancement of Science. 1848, 


1850, 1851. 8 o. 

A Notice of the Origin, P , and Present Condition of the Academy of Na- 
tural Sciences of Philadelphia. By W. S. W. Ruschenberger, M.D. 8vo. 

Collection of Reports from the Secretary of the Treasury of the American Govern- 
ment on Scientific Subjects. 8vo. 

Proceedings of the Academy of Natural Sciences of Philadelphia. Vol. v., Nos, 10 
& 12. Vol. vi., Nos. 1 & 2. 8vo. 

Exploration and Survey of the Valley of the Great Salt Lake of Utah, including a 
reconnoissance of a new route through the Rocky Mountains. By Howard 
Stansbury, Capt. T.E., U.S. Army. With Plates. 8vo. 

The Mastodon giganteus of ‘North America. By John C. Warren, M.D. 4to. 

Regi Magyar Nyelvemlékek. Kötet. 1, 2, 3. Kto. 


A’ Magyar Tudés Tarsisag’ Evkényvei. Kötet. 3, 4, 6, 7. 4to. 

Hunyadiak Kora Madyarorszägou. irta Grof Teleki Jozsef. 1 Kötet. 8vo. 

Fifth Annual Report of the Board «f Regents of the Smithsonian Institution for 
1850. gro. 

On Recent Improvements in the Chemical Arts. By Professor James C. Booth, 
and Campbell Morfit. 8vo. 

Catalogue of Stars near the Eeliptic, observed at Markree 
1849, & 1850, and whose places are supposed to be hitherto unpublished. 
Vol. i. 8vo. 

Proceedings of the American Philosophical Society. Vol. v., No. 47. 8vo. 

Catalogue of the Library, and Constitution and Laws of the Institute of Actuaries 
of Great Britain and Ireland. 8vo. 

Mémoires présentés par divers Savants à l’Académie des Sciences de l'Institut 
National de France. Sciences Mathématiques et Physiques. Tome xiii™*. 4to. 

Recherches sur la Conductibilité des Mineraux pour !’Electricité Voltaique. Par 
M. Elie Wartmann. 4to. 

Flora Batava, af Afbeelding en Beschrijving van Nederlandsche Gewasse, door 
Wijlen Jan Kops ; vervolgd door P. M. E. Gevers Deignoot. 16 Aflev, 4to. 

Historische en Letterkundige Verhandelingen van de Hollandsche Maatschappij 
der Wettenschappen te Haarlem. 1% Deel, 4to. 

Nieuwe Verhandelingen van het Bataafsch Genootschap der Proofondervindelijke 
Wijsbegeerte te Rotterdam. 11 Deel. 4to. 


Det Kongelige Danske Videnskabernes Selskabs Skrifter. Femte Rekke. Natur- 


videnskabelig og Mathematisk Afdeling. Andet Bind. 4to. 


the years 1848, 


DONORS. 
The Society. 
Ditto. 
The Institute. 
Ditto. 
The Editor. 
The Society. 
Ditto. 
The Academy. 
The Lyceum. 
Ditto. 
The Society. 
Ditto. 
Ditto. 
Ditto. 
The Association. 
The Academy. 
The American Go- 
vernment. 
The Academy. 
The Author. 
Ditto. 
Literary Society of 
Hungary. 
Ditto. 
Ditto. 
The Institution. 
Ditto. 
H. M. Government. 
The Society. 
The Institute. 
The Academy. 
The Author. 
The King of the 
Netherlands. | 
The Society. 
Ditto. 
The Academy. 


DONATIONS. 

der Mathematisch-Physischen Classe der Sachsischen Gesell- 
Naturwissenschaftliche A gesammelt und durch enen heraus- 


bbandlungen, 
von Wilbelm Haidinger. Band iv. 4t0. 
du Muséum d' Histoire Naturelle, publiées par les Professours-Adminis- 
tratifs de cet Etablissement. Tome v., Liv. 4; Tome vi., Liv. 1,2, 3, & 4. 4to. 
Denkechriften der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
Naturwissenschaftliche Classe. Band iii. 1% & 3% L. Fol. 
der Wissenschaften. Mathematisch - 
aturwissenschaſtliche Classe. 1851; Band vii., 3, 4, & 5 Heft: and 1852; 
Band viii., 1, 2, 3 Heft. 8vo. 
Almanach der Königliche Akademie der Wissenschaften. 1862. 12°. 
Jahrbuch der Kaiserlich-Kéniglichen Geologischen Reichsanstalt. 1851; Nos. 
1,2,3,&4. 1852; No. 1. 8yvo. 
Mémoires de la Société Nationale des Sciences de !’ Agrieultare et des Arts de Lille. 
Année 1850. 
Dargestellt von der Physikalischen 
Gesellschaft zu Berlin. 8vo. 
Bulletin de la Société de Géographie. 4™° Série. Tomes ii. & iii, 8vo. 
Manuel de ld Navigation à la Céte Occidentale d'Afrique. Par M. Charles Phi- 
lippe de Kerhallet. 2 Tomes, 8vo. 
Annales Hydrographiques, Recueil d' Avis, Instructions, Documents et Mémoires 
la Marine. Tomes 4 & 5. 
Normaltemperatur von 0° Celsus. Berechent von J. J. Pohl & J. Schabus. 8vo. 
Tafeln zur Vergleichung und Reduction der in verschiedenen Längenmassen Ab- 
gelesenen Barometerstände. Von J. J. Pohl & J. Schabus. 3vo. 
Transactions of the Royal Irish Academy. Vol. xxii., Parts 1 & 2. 4to. 
American Journal of Science and Arts, Vol. xiv., No. 42. 8vo. 
Smithsonian Contributions to Knowledge. Vols. iii. & iv. 4to. 


Schooleraft’s History of the Indian Tribes. Part ii. to. 


Astronomical Observations made at the Royal Observatory, Edinburgh, by the late 
Vol. . 1844-5-6-7. 


January 4, 1853. 


Memorie della Reale Accademia delle Scienze de Torino. Serie 2. Tom. xii. 4to. 
Acta Academie Ceesarem Leopoldino-Caroline Nature Curiosarum. Vol. xxiii., 


Transactions of the Linnean Society of London. - Vol. xxi., Part 1. 40. 
Proceedings of the Linnwan Society of London. Feb. 2 1861 to Marsh 16, 


Ato. 
The Assurance Magazine, and Journal of the Institute of Actuaries. No. 10. 8vo. 
Journal of the Horticultural Society of London. Vol. vii., Part 4; vol. viii., 
Part 1. 8vo. 
Mémoires de l’Académie Royale des Sciences, des Lettres, et des Beaux Arts de 
Belgique. Tom. xxvi. 4to. 
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The Society. 
The Editor. 
The Society. 
The Academy. 
Ditto. 
Ditto. 
The Association. 
The Society. 
Ditto. 
Ditto. 
Dépét-Général de 
la Marine, Paris. 
Ditto. 
The Authors. | 
Ditto. 
The Academy. 
The Editors. 
The Smithsonian 
Institution. 
ee The American 
Government. 
The Academy. 
Ditto. 
Ditto. 
The Society. 
185 8vo. 
Abhandlungen der Akademie der Wissenschaften zu Berlin. 1850. 410. The Academy. 
January 17. 
| King of Holland. 
The Institute. 
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DONATIONS. 

Mémoires Couronnés et Mémoires des Savants Etrangers, publiés par |’ Académie 
Royale des Sciences, des Lettres, et des Beaux Arts de ue. Tome 
xxiv. 4to. 

Bulletins de l’Académie Royale des Sciences, des Lettres, et des Beaux Arts de 
Belgique. Tomes xvii—xix, (1860-1852.) 8vo. 

Annuaire de l’Académie Royale des Sciences, des Lettres, et des Beaux Arts de 
Belgique. (1851 and 1852.) 12° 

Mémoires Couronnés et Memoires des Savants Etrangers, publiés par 1 Académie 
Collection 
in 8°, Tome v 

Annales de! Observatoire Royal de Bruxelles, publiées aux frais de Etablissement, 
par le Directeur, A. Quételet. Tomes viii. et ix. 4to. 

Annuairede I’Observatoire Royal de Bruxelles. Par A. Quételet. 185141862. 12°. 

Résumé des Observations sur la Météorologie et sur le Magnetisme Terrestre faites 
& l’Observatoire Royal de Bruxelles en 1850, et communiquées par le Direo- 
teur, A. Quételet. 4to. 


The Canadian Journal ; a Repertory of Industry, Science, and Art, and a Record of 
the Proceedings of the Canadian Institute. October and December 1852. 4to. | 


Journal of the Royal Geographical Society of London. Vol. xxii. 1852. 8vo. 

Catalogue Méthodique de de la Collection des Reptiles ; Muséum d' Histoire Naturelle 
de Paris. 8vo. Catalogue Méthodique de la Collection des Mammiféres de 
la Collection des Oiseaux ; Muséum d' Histoire Naturelle de Paris. 8vo. 

Berichte über die Verhandlungen der Königlich Sachsischen Gesellschaft der 
Wissenschaften zu Leipzig. (1848.) 8 vo. Bande i., ii., iii. 

Catalogue des Manuscrits et Hylographes Orientaux de la Bibliothaque Impériale 
de St Pétersbourg. 8vo. 


February 7, 1853. 


Craigie’s Practice of Physic. 2 vols. Bro. 

Abhandlungen der Akademie der Wissenschaften zu Berlin. 1850 and 1851. 4to. 

Monatsbericht der Akademie der Wissenschaften zu Berlin, Juli-Oct. 8vo. 

Acta Academiss Cesare Leopoldino-Caroline Nature Curiosarum. Vol. xxii., 
Suppl., and xxiii. 4to. 

Memorias della Real Academia de Ciencias de Madrid. Tomei., Part 2. Fol. 

Resumen de las Actas de la Academia Real de Ciencias de Madrid. 1850 and 
1851. 8vo. 


March 7, 1853. 


Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. N.S. No. 40. 8vo. 

Papers and Proceedings of the Royal Society of Van Diemen's Land. Vol. ii., 
Part 1. 8vo. 

The Canadian Journal; a Repertory of Industry, Science, and Art, and a Record 
of the Proceedings of the Canadian Institute. January 1853. to. 

Flora Batava. 172 Aflevering. 4to. 

Acta Regis Societatis Scientiarum Upsaliensis. 3d Ser. Vol. i., Fascic. 1. 4to. 

Berichte über die Verhandlungen der Königlich Sächsischen Gesellschaft der Wis- 
senschaften zu Leipzig. Mathematisch-Physische Classi. 8vo. 

Ueber Musikalische Tonbestimmung und Temperatur. Von M. W. Drobisch. 8vo. 

Beiträge zur Kenntnis der Gef n Von Wilhelm Hofmeister. 8vo. 

Jahrbuch der Kaiserlich- Königlichen Geologischen Reichsanstalt. 1852, No. 2. 8vo. 

Memoirs of the American ree ssa of Arts and Sciences, N.S. Vol. iv., Part 2. 4to. 


The Academy. 
Ditto. 


DONORS. 
The Academy. 
Ditto. 
Ditto. 
Ditto 
The Editor. 
Ditto. 
The Author. 
The Institute. 
The Society. 
The Museum. 
The Society. 
The Russian 
Government. 
The Author. 
Ditto. 
Ditto. 
The Society. 
Ditto. 
The Institute. 
King of Holland. 
The Society. 
Ditto. 
The Author. 
Ditto. 
The Institute. 
The Academy. 
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March 21, 1853. 


DONATIONS. DONORS. 
Ordnance Survey. Astronomical Observations made with Airy’s Zenith Sector, The Hon. Board 
from 1842 to 1850, for the determination of the Latitudes of various Tri of Ordnance. 
nometrical Stations used in „ 
Captain W. Lolland. 4to. 
Archives du Muséum d' Histoire Naturelle, publiées par les Proſesseurs-Adminis- The Editors. 
trateurs de cet Etablissement. Tome vi., Liv. 3 and 4. 4to. 
The American Journal of Science and Arts. 2d Series. No. 43. 8vo. Ditto. 


April 18, 1853. 


Comptes Rendus Hebdomadaires des Séances de! Académie des Sciences. 4to. French Government. 

Memorie della Accademia delle Scienze dell’ Instituto di Bologna. Tom. ii. 4to. | The Academy. 

Rendendrionto delle Aduvanze e de’ Lavori della Reale Accademia delle Scienze Ditto. 
sezione della Societa Reale Borbonica. N.S. Nos. 1-5. to. 

Relazione Lalla Malattia della Vite apparsa nei contorni Napoli ed altri luoghi della Ditto. 
Provincia fatta da una commissione della Reale Accademia delle Scienze. 4to. 


ee 4to. C. Babbage, Esq. 

The Assurance Magazine, and Journal of the Institute of Actuaries. No. 11. 8vo. The Institute. 

Lady Londesborough. 4to. borough. 
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A 

Auison (Witu14M Putrener), M.D. Defence of the doctrine of vital affinity, 385. Observations 
on the speculations of Dr Brown and other recent metaphysicians, regarding the exercise of che 
senses, 513. 

Anpersow (Tuomas), M.D. On the constitution of codeine and its products of decomposition, 57. 
On the products of the destructive distillation of animal substances, 247. Researches on some 
of the crystalline constituents of opium, 347. 

Animal Substances, on the products of the destructive distillation of, 247. 

Aqueous Vapour which is condensed on a cold surface, on the weight of, 299. 


B 
Barometer. On a necessary correction to the observed height of the barometer, depending upon the 
force of the wind, 377. 
Brewster (Sir Davin). On the optical phenomena and crystallisation of tourmaline, titeninin, and 
quartz, within mica, amethyst, and topaz, 547. On the production of crystalline structure in 
erystallised powders, by compression and traction, 555. On circular crystals, 607. 
Bust, notice of an antique marble, 417. 
C 
Caprice Acid, on a new source of obtaining, and remarks on some of its salts, 219. 
Centrifugal Theory of Elasticity, and its connection with the theory of heat, 425. 
life, 321. 
Codeine and its products of Decomposition, on the constitution of, 57. 
Comenic Acid, on certain salts and products of decomposition of, 225. 
Cometary Physics, some remarks on the theories of, 131. 
Compound Series, summation of a, and its application to a problem in probabilities, 541. 
Coventry (AnpREW). Notice of an antique marble bust, 417. 
Crystalline Constituents of Opium, researches on some of the, 347. 
Crystalline Structure, on the production of, in crystallised powders, by compression and traction, 555. 
Crystallised Powders, on the production of crystalline structure in, by compression and traction, 555. 
Circular Crystals, 607. 
D 
Datmanoy (James), On the weight of aqueous vapour which is condensed on a cold surface, under 
given conditions, 299. 
Davy (Joun), M.D. Some observations on the charr (Salmo umbla), relating chiefly to its generation 
and early stage of life, 321. Some observations on fish, in relation to diet, 599. 
Differential Calculus, on a process in the, 39. 
Dynamical Theory of Heat, on the, 261. 
Dynamical Equivalent of Temperature in Liquid 
steam, 191. 
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E 
Eclipse (total) of the Sun, on July 28, 1851, observed at Göteborg; with a description of a new 
position micrometer, 335. 
Eclipses (total) of the Sun, on the red prominences seen during, 461. 
Eclipse (total Solar) of 1851, 503. 
Eildon Hills, notes on the geology of the, 211. 
Elasticity, on the centrifugal theory of, and its connection with the theory of heat, 425. 
Equilibrium of Elastic Solids, on the, 87. 
Expansive Machines, on the economy of heat in, 205. 


F 
Fish, in relation to Diet, some observations on, 599. 
Fluorine, on two new processes for the detection of, when accompanied by silica, and on the presence 


of fluorine in granite, _ and other igneous rocks, and in the ashes of recent and fossil 
plants, 483. 


Forses (Epwarp) and Joun de On some remarkable marine invertebrata new to the British 
seas, 307. 

Fores (James D.). On the volcanic geology of the Vivarais (Ardéche), 1. Notes on the geology of 
the Eildon Hills in Roxburghshire, 211. 


Gaseous Fluid, on a method of discovering experimentally the relation between the mechanical work 
spent, and the heat produced by the compression of a, 289. 

Géteborg, on the total eclipse of the sun, on July 28, 1851, observed at Göteborg; with a description 
of a new position micrometer, 335. 


H 

Heat, on the mechanical action of, especially in gases and vapours, 147. On the economy of, in 
expansive machines, 205. On the dynamical theory of, 261, 475. On the mechanical 
action of, 561, 565. 3 

How (Henry). On certain salts and products of decomposition of comenic acid, 225. On meconic 
acid, and some of its derivatives, 401. 
| I 

Interfering Light, on the total intensity of, 317. 

Invertebrata (Marine) new to the British Seas, on some remarkable, 307. 


| J 
James (Captain Henry). On a necessary correction to the observed height of the barometer depend- 
ing upon the force of the wind, 377. 


K 
Kexxanp (Rev. P.). On a process in the differential calculus, and its application to the solution of 
certain differential equations, 39. 
L 
Light (Interfering), on the total intensity of, 317, 
Light (Zodiacal), contributions to a knowledge of the phenomena of, 489. 
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M 
Marine Invertebrata new to the British Seas, on some remarkable, 307. 4 
MAXwWIL (James Crerk). On the equilibrium of elastic solids, 87. 
Mechanical Action of Heat, especially in gases and vapours, 147. 
Meconic Acid, and some of its derivatives, 401. 
Metaphysicians, speculations of Dr Brown and other recent, ths of tho 513. 


N 
Nitric Acid, as a source of the nitrogen found in plants, 591. 
Nitrogen found in Plants, on nitric acid as a source of the, 591. 


0 
Opium, researches on some of the crystalline constituents of, 347. 


P 
Peruvian Musical Instrument, like the syrinx of the Ancients, dissertation on a, 121. 
Probabilities, summation of a compound series, and its application to a problem in, 541. 


R 

Rankine (W. J. Macquorn). On the mechanical action of heat, especially in gases and vapours, 147. 
Note as to the dynamical equivalent of temperature in liquid water, and the specific heat of 
atmospheric air and steam, 191. On the power and economy of single-acting expansive steam- 
engines, 195. On the economy of heat in expansive machines, 205. On the centrifugal theory 
of elasticity, and its connection with the theory of heat, 425. On the computation of the 
specific heat of liquid water at various temperatures, from the experiments of M. Regnault, 441, 
On the absolute zero of the perfect gas thermometer ; being a note to a paper on the mechanical 

action of heat, 561, 565. 
Rowney (Tuomas). On a new source for obtaining capric acid, and remarks on some of its salts, 219. 


8 

Salmo umbla, some observations on the charr (Salmo umbla), relating chiefly to its generation and 
early stage of life, 321. 

Senses, observations on the speculations of Dr Brown, and other recent metaphysicians, regarding the 
exercise of the, 513. 

Single- Acting Expansive Steam-Engines, on the power ia economy of, 195. 

Suyru (CHARLES Prazz1). Some remarks on the theories of cometary physics, 131. Contributions 
to a knowledge of the phenomena of zodiacal light, 489. On the total solar eclipse of 1851, 
503. 

Solar (total) Eclipse of 1851, 503. : 
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